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CORFS (F MNGINEERS, U. S. ARMY
OFFICE OF THE DIVISION ENGINE MR
NEW ENGLAND DIVISION
857 COMMQIWEALTH AVENUE
BOSTON 15, MASS.

NEDVG August 29, 1952
SUBJECT: Beach ¥rosion Control Report on Cooperative Study of Plum Island,

Massachusetts.

T01 The Chief of Engineers, Department of the Army, Washington 25, D. C.

SYLLABUS

The purpose of the study is to devise effective means of preventing
further erosion by waves and currents of that portion of Flum Island,
Massachusetts, located in the City of Newburyport and the Town of
Newbux&.

The Diviéion Engineer finds that erosion of the beach and sand dunes
and damages to and destruction of cottages have occurred as a resuli of
wave attack during storms, that the zone of erosion haé shifted during
recent years along the entire seaward shore of the northern end of Plum
Island which is developed for cottage use and south thereof, that the
present most severe problem area is located along the narrowest portion of
the island opposite "The ﬁasin" and that continuation of this erosion, in
addition to losses to the beach land cottages, can result in breaching of
the island at its narrowest point and isolation of the extensive development
located to the north.

The Division Engineer concludes that the most suitable method of pro=
tection consists of, (1) direct placement of sand £311 1o widen the beach
fronting cottage‘s and dunes in the problem area, and (2) raising the elevaw
tion of the inshore portion of the south jetty at the Merrimack River ene
trance as may be required to act as a barrier to northward drifting and loss
of beach material into the Merrimack River.
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The shore t¢ be protected is almost entirely privatelywowned and

therefore not eligible to receive Federal assistance in the first cost of

eonstruction of probtective works in accowxdance with existing law. The
Division Engineer consequently recommends that no Federal project be adopted
for Plum Island at this timee.
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BEACH FROSICN CONTRCL REPORT ON COOFERATIVE STUDY OF
FLUM ISLAND, MASSACHUSETTS

I. OENERAL

l¢ Authority. ~ This study was made by the Corps of Engineers, 7
United States Ammy, in cooperation with the Department of Public Works of
the Commonwealth of Massachusetts under authority of Section 2 of the River
and Harbor Act approved July 3, 1930 as amended and supplemented. Formal
application therefor dated May 8, 1952 was approved by the Chief of Englneers
on June 13, 1952, -

2. Purpose. = The purpose of the study as stated in the application is
to devise effective means of preventing fwrther erosion by waves and currents
of the portion of the shore of Plum Island, Massachusetts, located in the
City of Newburyport and the Town of Neuwburys

3+ Prior Reportss = No prior beach erosion comtrol report has been

made for this locations: Beach erosion control studies north of Plum Island
were completed by the Beach Erosion Board for Salisbury Beach, Massachusetis
in 1941, and for Seabrook and Hampton Beaches, New Hampshire in 1932, Studies
were continued on Hampton Beach by the District Engineer up to 1942« Reports
of the effects of the jetties at the mouth of the Merrimack River on the ade
jacent shore line were prepared by the District Eﬁgineer during 1938 and 1939.
A geologic report, Bulletin Nos. 7, "The Geology of the Coast of Northeastern
Massachusetts" was prepared by United States Geological Survey in cobperation
with the Massachusetts Department of Public Works in 1941, This labter res
port discusses the geology of the area, formation of Plum Island, shore
processes, recent changes and probable future trends. Information pertinent
%o the study is available in the Annual Reports of the Chief of Engineers
under Newburyport Harbor, Massachussttse The Annual Reports contain ine
formation concerning construction of the jetties at the mouth of the



Merrimack River, and chenges associated with their construction, Data from
the above reports are contained in Appendix A, YGeology," Appendix B,
uComposition of Beaches," Appendix G, "Existing Shore Structures," and
Appendix H, "Prior Reportset ‘ -

s Location. = The study area is located on Plum Island, Massachuseitis, |
in the City of Newburyport and the Town of Newbury. Its northemn end is at
the mouth of the Merrimack -River about 3.7 miles south of the Massachusetise
New Hampshire boundarys The study area exterds about 4.7 miles south of
the river mouth to the boundary between the Towns of Newbury and Rowleye
The remainder of Plum Island within the Towns of Rowley and Ipswich extends
an additional 3.6 miles southward to Flum Island Sound. The entire island
faces the Atlantic Oce‘an to the east and is separated from the mainland on
the west by Plum Island River and extensive marshes.

5 Population. =~ The 1950 population of the City of Newburyport was
Llhy21l, and of the Town of Newbury was 1994 The permanent population in the
developed section at the north end of Plum Island is approximately 100
familiess It is estimated that the population reaches or exceéds 3500
people during the summer season. ; |

6e Descriptions « The seaward shore line of Flum Island is about 8
miles in lengi;h. The island is a sandy barrier bar largely cov;aied with
dunes which in places abtain a height in excess of 50 feet above mean sea
levels The width of this sand bar south of “The Basin,® a body of water
projecting southward from the estuary of the Merrimack River, varies between
one~tenth and four tenths of a mile, averaging about che~fourth of a mile.
The bar is separated from Plum Island River to the west by a width of 'marsl-x
generally greater than that of the bare. The width of the bar at its na.rrow-f‘ i
est point east of “Ihe Basin® is sbout 350 feet. The bar increases in width
northward from this narrow point to its maximum width of sixe~tenths of a

mile at the Merrimack Rivers Development is concentrated in the north end .



of the island which lies within the limits of the City of Newburyport and
the Town of Newburys This development consists of sbout 900 cottages, a
churoch, la clam chlorinating plant, a number of food shops, restaurants,
fishing ‘Eackle shops, boat rental businesses and a United States Coast Guard
Stations The remainder of the island %o the south, with minor exceptions,
is a wild life sancbuary under Federal eontroi, There is another United
States Coast Guard Station in this southern portion of the island in the
Town of Ipswiche The only overland access to the island exists from the
City of Newburyport over Plum Island Tuwmpike, 2 causeway over the marshes.
This turnpike connects with Northern Boulevard, the only surfaced road on
Flum Island and the only road serving the develoment at the.norbh end of
the islande The area under study is shown on u.s.c,_&e.s. Charts 331 and
1296 and the Newburyport East Quadrangle of the United States Geological
SUIVey e

II. STATEMENT OF THE P._ROBLEM

7» Problemy - The most urgent problem exists at the north end of the
island in the Town of Newbury. The shore involved is located at the narrowe
est portion of the island opposite "The Basine" The problem consists of
recession of the shore through erosion of the beach and sand dunes caused
by wave attack during stormse This recession has reportedly reduced the
width of lots seaward of Northern Boulevard from 190 = 260 feet in 1920 to
L0 = 50 feet in 1950. Approximately 50 feet of this recession resulted fram
three storms during 1950 Stom attack has damaged or destroyed cottage.s
located on the sand dunes in this area and has necessitated the repeated
moving of buildings landward. Al the present time, cotlages are located
~ close to Northern Boulevard and there is no spéce_left for further movemert.
It is estimated that damages to cottages in this area during two storms
which occurfed in September and November 1950 amounted %o $100;000. Cone

tinued recession of the shore can result in breaching of the island and



isolation of its northern end. This would isolate about 600 cottages, a
mﬁnbér of business establishments and the United States Coast Guard Station
near the mouth of the Merrimack Rivers Erosion of the shore and dunes, and
damages similar to those described above for:merly'ocdwred to the most
-northerly cotltages albng the seaward shore of Plum Island adjacent to the
United Stat;es Coast Guard Reservation. These damages occui'red during the
- period 1939«19L1, - In more recent years, this northerly area has reportvedly
benefited from accretion of the shore, Erosion of the shore and minor storm
damages reportedly occurred to the most southerly gottages SQuth of Plum
Islard Turnpike along the segward shore of Plum Island dui'ing February 1952.
Damages in this area have not yet assumed ser:_i.ous proporl;,ions although cone
cern is felt about the possibility of continued shore recessions 'No problen
exists ab present along the greater part of ‘the island south of the ‘cottage
‘de_ve.lopmm'b., 'i‘his portion of the island is used as a wild life sanctuary
and doesnot possess any development close to the shore.
III‘, FAGTQRS PERTINENT TO THE PROBLEM
8e Fhysical Characteristicse = Plun Island is a .sandy barrier bar with

. & marrow sand beach backed by & wide area of duness In the problémr area

opposite "The Basin," the beach has. a very steep profile with a foreshore
slope of about 1 on 10« Waves break practically on the shore lirie and the
normal uprush of waves over the beach berm in places reaches and erodes the
duwnese The westemn half of the island, behind the dunes, is made up of
extensive ‘marshes.

9¢ The Merrimack River enters the Atlantic Ocean at the northern
extremity o Plum Islande The river has a length of about 120 miles, drains
sbout 5000 square miles, is tidal and improved for navigation for 20 miles
inlande The average river discharge as measured at Lowell, Massachusetts,
is about 7000 cubic feet per seosond and the maximum dischai-ge is 173,000
cubic feet per seconds The viver entrance is fixed by two rubble mound

Jjettiess



10, Geologye » The shore line of Flum Island is one of submergence of
the land with respect to the level of the seas The island is slmost entirely
composed of sandy beach deposits in the form of ‘a barrier bar covered with high
dunes fronting extensive marshess Beach materials are glacial in or:.gln. i
The visible sources of such materials cn Plum Island ave smalls They consist
of three drunlins and miall patches of till and outwash at the southeast tip
of the island. One drumlin is completely surrounded by dunes and marsh and
has apparently never been erodeds One drumlin is onewhalf consumed by wave
ezfosion and the other has been completely eroded and is now marked by a
boulder pavemente Another visible onshore glacisl deposit is the drumlin
lmowﬁ as Great Boars Head, which projects seaward as a headland at Hampton
Beach located about 7 miles north of the Merrimack Rivere Submerged offe
shore material is generally sandy, consisting of material laid down diféétly
by glaciers or materials formerly transported downstream and deposited off;
shore by the Merrimack River. | |

11, Beach and Bottom Materialse = The shore of Plum Island and ad=

jacent beaches to the north and south are almost exclusively composed of
sand. The composition of Plum Island north of the Newbury-Rowley boundary
consists of fine and medium sand in the dunes, medium sand with eome fine .
and ¢oarse sand in the vicinity of the high water level and mediwm to coarse
sand between the mean high water and mean tide levels Samples taken in the
river entrance and offshore from the north end of Plum Island indicate that
offshore maberial is coarser than the beach material. Samples of offshore
material framw beaches north of Plum Island are finer than on the beaches;
Median dismeters of beach and offshore material sampled during prior investie
gations are included in Appendix B, and the sample locations are shown on
Flate 1ls These median diamebers show that the coarsest materisl exists at
the north end of Plum Island and that material becomes progressively finer

to the north along Salisbury, Seabrock and Hampton Beaches and to the south



- along Plum‘Island, Castle Neck and Coffin Beache Median diameters and
locations of samples taken on and of fshore along the north end of Plum
Island ahd in the Merrimack River entrance dwing June 1952 are shown on
Plate Te | |

12+ Sources of Material. - Glacisl deposits have constituted the

principal source of beach materislse The sands comprising the barrler beach
and dunes of Flum Island were derived fram depoéits of till and glacial cute
wash that constitute the hills and of fghore deposits of the areé. Material
erode& i‘rbm these deposits has been transported and redeposited by shore
currents. Some of the material probably was derived from sediments transe
ported by the Merrimack River and from beaches north of Plum Islandes The
visible sources of such materials are entirely inadequate to account for |
most of thé materials composing Flum Island, The submerged offahbre dow
posits appear to be the most important original source of supply for forma=-
tion of the islands The present sources are shores to the north of the.
Merrimack Rivers The extensive outer bar is indicative of passage of material
across the inlete

13. _T_'_ic_l_e_g; « The tides at Plum Island are semidiurnal. 'The mean raﬂge
of tide at the Merrimack River entrance is 8,0 feet andthe spring range is
S+3 feets The meén range of tide at Ipswich River near the' south end of
Flum Island is 847 feet and the spring range is 9.9 feet, Tides exceed the
height of the plane of mean high water on an average approximately as
followss by 1 foob or more 107 times a years by 2 fest or more 12 times a
years by 3 feet or more once every 2 yearse The maximum storm tide height
of 3.9 feel above mean high water was measured at the Portemouth Navy Yard,
Maine, on November 30, 194k. A description and analysis of available tidal
observations for the area is contained in Appendix C, ‘

e Currents. - The mean eurrents for a section of the Merrimack River
at the south jetty computed by cubature for a tidal range of 913 feet and a

u6-



fresh water flow of L4660 cefss. were as followss

At strength of flood, 2458 feet per second

At strength of ebb, 3.23 feet per second
River ebb currents measured by floats during November 1937 between the jetties
at the Merrimack River entrance exceeded 640 feet per seconds A maximm cure
vent of 645 feet was measured near the bend in the north jebty and a current
of 6.2 feet was measured about 150 feet north of the south jettye Current
measurements were made using floats opposite Salisbury Beach north of ‘the
north Jetty during 1931, Currents averaged 0,07 t;o 040 feet per second
with maximum currents of 0.08 to 0070' feet per seconds Currents were tidal
and moved alongshore south towards the mouth of the river on flood .tide and
away from the river in varying directions during ebb tidees No current
measurements have been made opposite the shore of Plum Islande Détails of
available current data are ineluded in Appendix D..

15 Prevailing Winds, = tind data from observations of the United States

Weather Bureau at Boston, Massachusetts, and from wind roses in the 5S-degree
square opposite the study arsa compiled by the United States Navy Hydrographic
Office indicate that prevailing winds blow offshore fram westerly quadrants.
Winds from easterly quadrants which blow onshore over significant fetches
of ocean are slightly predominant from the northeast over the southeast
guadrants A description and analysis of wind datg are :Lnéluded in Appendix
E, and wind roses are shown on Plate 1. |

16e Stomm Winds. = A sumary of gales compiled from records of the
United States Weather Bureau at Boston, Massachusetts, shows that of 160
gales which occurred during the 75=year period, 18701945, 80 o» 50 percent
were northeast galese The high frequency of northeast winds of gale force
(39 miles per hour or greater) is also evident from a study of hourly wind
speeds and directions at Boston for the period April 1950 to March 1952,
Analysis of all available data shows that a high preponderance of the most



gevere gales which occur at Boston and, therefors, probably at Plum Island,
approach onshore from the northeast direction and that winds of slightly
asnaller intensity predominantly blow of fshore from the northwest quadrant.
A description and analysis of storm wind data are included in Appendix E.

17« Wavess « Waves which approach the shore of Plum Island are
generated by winds with easterly components of direction blowing across the
Atlanbic Oceans The Isles of Shoals, 15 miles northeast of the Merrimack
River entrance, afford a amall amount of protection to Flum Island from
waves generated by north to northeast winds, and Cape Ann affords protection,
particularly to the south end of Plum Island, from waves generated by south
to southeast winds. Flum Island is directly exposed to waves approaching
from the easts No wave measurements are available for this area. The United
States Navy Hydrographic Office has compiled observed data and prepared sea
and swell charts for the North Atlantic Ocean. Sea directions in‘the ocean
area opposite Plum Island are predominently from the southwest, west and
northwest or from directions which have libttle effect on Flum Island. Seas
with easterly components approach predominantly from the northeast. 'High
seas which cause the greabtest erosion and shors damage occur predominantly
from November through Marche A swell diagram compiled from the zbove
Hydrographic Office data is shown on Plate 1. It shows that high and
medium swells having easterly components of direction approach predominantly
from the northeasts In general, it can be concluded that high waves and
swells attack Plum Island most frequently from the northeast. Available
data does not permit detemination of the maximum height of waves ad swells.

18. Shore Line and Offshore Depth Changes. ~ Shore line and offshore

depth change descriptions are based principally on surveys by the United
States Coast and Geodetic Survey and the Corps of IEngineers, United States
Armye The former agency surveyed all of Plum Island and portions of adjoine
ing beaches during 1851-1857 and portions of Plum Island and/or adjoining



beaches during 1878, 1910=1912 and 1928, The Corps of Engineers?! surveys
were made at comparatively frequent intervals during the period 18801938
covering the Merrimack River entrance and the norbhgm portion of Flum
Island extending not more than 4500 feet south of the south jettye In ade
dition, use was made of surveys of the Merrimack River entrance and the
north end of Flum Island by Colonel John Anderson during 1827 and the
Commonweelth of Massachusetts during 1952, Comparative shore line and
offshore depth contour positions are shbwn on Plates 3«6, A detailed acm
count of changes is included in Appendix F.

19s The largest known changes occurred to the north end of Flum
Island during the period 1827-1880 before construction of the jetties at
the Merrimack River entrance. According to the earliest available'survey
made during 1827, the Merrimack River entrance was located about one=half
mile south of its present position and "The Basin® did not existe During
the period 1827-1851, the river entrance must have migrated further south,
eroding the northeast end of Plum Island so that the seaward shofe line waé
in the approximate position of the west shore of "The Ba'sin;" Still, duwring
thé same period following the southward river migration, a bar or spit
formed a:t. the north end of the islande The earliest U;S'.Gg&G.St survey in
1851 shows this bar or it extending in a northwestward direction from the
no_rtheast' shore of Plum Island enclosing the body of water ncw known as
"The Bagine” The seaward shore of the bar or spit grew to ths east and
north during the period 18511880, resulting in northward growth of Flum
Island and northward migration of the river channel. During the foregoing
perdod, a recession occurred to the south shore of Salisbuxy Beach corres~
ponding to the northward growth of Plum Island.

20, Duwring the years immediately following initiation of construction
of the north Jetty in 188l and the south jetty in 1883, large amounts of

agoretion occurred to the seaward shores of Flum Island and Salisbury
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Beach adjacent to the Jetties. This growth has mot been a continuous
prooesss Numerous swrveys run during ani after construction of the jetties _
show that both shores have been subject alternately to erosion and accretion.
Accretion has been slightly predaminant north ¢f the noxth Jetty along
Salisbury Beachs Shore line changes south of the south jetty along Plum
Island have been so varied and complicated that it is not possible to dee
termine whether erosion or aceretion is predominant, The north end of the
island inside the jetties although subject to irregular shore line changes
during the years following the jetty construction has shown a definite
tendency towards northward growth. This growth has been accompanied by a
northward migration of the river chammel and a northward recession of the
river shore of Salisbury Beach.

21. The most recemt shore line changes at the north end of Flum
Island as shown Ly the U-S.co&G;S. survey of 1928 and the Commorsvealth of
Massachusetts survey of 1952 consisted principally of a northward growth
of the north shore of Plum Island inside the jetties of 600 to 700 feety a
recession of the seaward shore adjacent to the south jebty of about 100 feet
diminishing to a point oi‘ no change about 2,000 feet south of the jettiy,
little chahge along ‘the next southerly 1,400 feet and a continuous shore
recession along the shore located 3,400 to 11,000 feet south of the jettye
This latter recession was approximately as follows 3 150 feet o‘pposite the
south end of “The Basin,' 250 feet midwgy between "The Basin" and the seaw
ward end of Flum Island Tunpike, 100 feet at Plum Island Turnpike, 150
feet fronting the cottages south of the tumpike and 200 feet along 2,000
fee‘ﬁ of shore south of the oo'btages..

22s Shore line changes along the seaward shore of Flum Island south of
"Phe Bagin® have not been as large as those further north. Between 1852
and 1928 the shore located 700 to 5,400 feet south of "The Basin® was
subject to both erosion and accretion, with accretion predominant,
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resulting in a seaward movement of this entire shores. The maximum seaward

movement of about 200 feet occurred at the south end of this area. During
the same period, the shore located 5,400 to 11,100 fest south of "The
Basin® also grew or moved seaward for distances varying between 50 and 200
feets Only e survey of the central portion of Flum Island is available
so it is not possible to make a comparison of changes for this areds
Between 1853 and 1912, the seaward shore of Flum Island locatsd. 8,800 to
143800 feet north of the southeast end of the island grew aboub 50 feet
seaward while 5,400 feet of shore south of this area receded about 50 feet
and no measurable change occurred in the vicinity of the southeast end of
the islande Between 1853 and 1912, the southwest end of Plum Island grew
1,200"1:0 1,500 feet southwarde Large changes oecurred along the Castle
Neck shore between 1853-1855 and 1910-191le These changes consisted of
accretion or seaward movement of the shore line up to maximum distance
exceeding 900 feets

23« The principal changes in offshore depths were as followss (L) with
northward geowih of Plum Island and northward recession of the south end of
Salisbury Beach, a submarine bar grew from the north end of Flum Island into
the Merrimack River inside the jebties towards the bend of the north jetty
deflecting the continuous river channel closer to Salisbury Beach and scour=
~ ing a deep hole parallel and very close t.o. the shore am of the north jetty;
(2) construction of the jetties was followed by deepening of the continuous
river channel across the outer bar opposite .':I:he river entrance and elimina~
tion of the large migraﬁons of the river entrance vhich formerly occurred.
Changes in the direction of flow of the channel across the outer bar oubside
the Jetties continued, the predominant tendency of the channel being to flow
in a direction slightly south of east; (3) the large outer bar at the river
entrance migrated following migrations of the river entrance, becoming
wider in the vicinity of the deep continuous river channel and exoding at
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former locations of the river charinels ‘(h_)' depths on the large outer bar
at the river mouth have varied irreguiarly through the formation of smaller
bars or shoals, particularly opposite the north end of Plum Island south of
the south jettye In recent years, as shown by surveys during 1928 and 1952,
the smaller bars opposite the north end of Plum Island have hed a general |
northeastwsouthwest orientation parallel to the depth contours defining the
seaward edge of the larger outer bar, they have growm in size and moved |
southward away from the south Jjetty and tw have bean secparated from the
foreshore slope of Flum Island by a deepening chamnel or troughj (5) available
survey s made during 1851-1857 and 1928 indicate that offshore deepening and
landward movement of offshore depth .contours was occurring opposite 11,000
feet of shore south of "The Basine" Due to lack of camparative surveys,
it is nob possible to determine offshore depth changes opposite the remainder
of Flum Island. |
2he Shore Structuress - Thers are no significant structures within the

study ares built solely for the purpose of shore protection: Two existing
jettles ab the mouth of the Merrimack River were constructed by the United
States as a Federal project for improvement of the river entrance for naviw
gation purposess The north jetty was started in 1681 and completed %o a
length of 4,118 feet in 191ks The south jetty was started in 1883 and
completed t0 a length of 2,15 feeb in 1905 Both jettiles were constructed
of rubblestone with a top width of 15 feet at an elevation 12 feet above
mean low water and side slopes of 1 on 2 on the seaward side and 1 on 1 on
the river sdides The inshore ams of the jetties converge aeaward until they
are about 1,000 feet apart and the outer ams extend seaward parallel to
e§0h other for a distance of about 1,000 feste Prior to construction of the
Jetties, the mouth of the Merrimack River was subject to large migrationss

A southward migration of the river mouth formerly resulted in erosion and
loss of the entire northeast corner of Flum Island located east and north of
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"The Basine! The Jetties have successfully fixed the position of the river
mouth thereby making utilization of the land area east and north of "The
Basin' possibles. This area is now largely occupied by cottagess The
Jetties resulted in impounding of material and accretion of the seaward
shore of Salisbwry Beach and Plum Island adjacent to the jetties dwring the
early years after their construction was starteds Since that time, these
shores havé been subject alternately to accretion and erosions Accretion
has been slightly predominant over erosion north of the north jetty at
Salisbuwry Beach thus benefitting this beach. Shore line changes south of
the south jetty along Flum Island have been complex with rio apparent pree
dominance of either erosion or accretione These complex changes have been
large and rapid and are apparently influenced more by the shifting of the
outer bar opposite the river entrance than by the south jetty. A detailed
history of construction of the jetties and changes in the vieinity of the 3
river mouth associated with their congbruction is included in Appendix G.
This Appendix also contains &n accowmt of structures which formerly existed,
namely, a dike aoross the emtrance of "The Basin" constructed during 1883w
1884 to prevent breaching of Flum Island and formation of a new river
entrance opposite the south end of"Fhe Basin," and esand catches, cmstructed
during fiscal years 1864=1887 to build up the beach and prevent flanking of
the sho:na‘md of the south jetiys

25s Littoral Drift. - The predominant direction of littoral drift
along the shore of the region from Boars Head to Castle Neck is from noprth
to souths Evidence of southward drifting consists of accretion along
Salisbury Beach, north of the north jetty at the Merrimack River entrance,
presunably resuliing from impounding of beach material by .the jettye In
the early years after initistion of construction of the north jetty, this
accretion was rapid., After this early period during which the beach was
assuming a new condition of equilibriwm, Salisbury Beach has been subject



alternately to acc-reticn and erosion with accretion slightly predominaunte
It was reported in the beach erosion control repert on Salisbury Beach in |
1941 that the efficiency of the north jetty was improved by repairs made
during ‘1937 as evidenced by advancement of the high and low water shore
lines during the ensuing three-year period, 1937=1940e. Under conditions of
strong litﬁoral drift along the many miles of sandy shore north of the north
jetty, a continuous impounding of material by the Jetty amd a consequent
continuous accretion of the shore would be a natural expectationes The
absence of continuous accretion indicates thst no such strong predominantly
southward drift occurs, that variations in direction of drift tend t0 balance
each othen, or that on and offshore movement of material plays a large part
in building up or eroding of the shore line. Other evidence of southward
litboral drifting consists of the large amount of accretion lmowm to have
occurred in the Castle Neck region south of Plum Island, the material for
this accretion being derived from the loss and southward movement of
material from the beaches to the north.

26s Littoral drift in the vieinity of the Merrimack River entrance
along the shore of Plum Island north of "The Basin® is influenced by strong
tidal currents and by the formation of a bar opposite the mouth of the river.
Northward growth of Flum Island in the past by the formation of bars or
spits tralling westward into the river mouth indicate that the direction of
drift along the north shore of the island is wesfward or upstream, probably
a result of flood currentse The seaward edge of the bvar at the mouth of
the Merrimaek River is convex shapede Such a bar would ordinarily tend to
refract waves approaching the shore bending them towards the river mouth
causing material to drift northward along the north end of Plum Islande
The large northward growth known {0 have occurred to Plum Island prior to
construction of the jetiies may largely have beén due to the configuration
of the outer bar, possibly during a period whén stormms approached the shore



predominantly from a southeast directione The depths on the ouber bar and
the configuration of shoals ¢n it have varied greatly during the past, the
changes vesulting partly from variations in the direction of flow of the
continuous river channel across the bare These changes are believed to have
resulted in complex localized movements of material along the seaward shore
of the north end of Plum Islands The configuration of shoals on the outer
bar as shoun by a hydrographic survey during 1952 indicates that waves
would tend to be refracted so as to move maberial northward and southward
away from a point opposite the narvowest part of Plum Island in the vicinity
of the south end of "The Basin.® Such drifting could account in part for
the serious condition of erosion which has developed in recent years ab this
part of the island,

27e Available. surveys do not pemit caleulation of the rate of ime
poundment of material by the Merrimack River jetties. It was reported in
the beach erosion control report on Salisbury Beach (19M1) that a net ace
cretion of 1,600,000 cubic yards occurred between the high water line and
the 18«foot depth for the full length of Salisbury Beach during the period
19301940, -2 rate of about 180,000 cubic yards annually.' Since the shore
involved extends approximately three and one-half miles northward fram the
north jetty, the rate of acoretion does not represent the rate of impounde
ment by the Jetty.

IV, ANALYSIS OF FRINCIPAL FEATURES OF THE PRCBLEM
‘280 Generals =~ In recent years, the shofe line along the northern end
of Plum Island has been subject to intermittent erosion and accretion, with
shif¥ing of the eroding area alongshors and a resulting gradual recession
of the shore as a wholes The beach in this area is narrow and steep and
storm waves accompanying high stom tides can pass over the beach bem and
erods the duness: Large volumes of material are removed in loocalized areas

during severe storms but the areas of erosiom shift and former eroding
areas are at least partially restored.
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29¢ Rates of Supply and Losss = No information is available oonca-i'iiing

the rates of supply and loss for Flum Island as a wholes Available surveys
mm during the period from 1851 to 1880 before construction of the jebties
at the Merrimack River entrance s show that the nouth of the river was mi=
grating northward. Following the jetty construction, the north end of
Flum Island or its shore line along the Merrimack River conbinued to ade
vance northwarde. An estimate of the quantity of material added to the
northern end of Plum Island between 1940 and some time between 1827 and
1851 (from figures contained in "The Geology of the Coast of Northeastern
Massachusetts® by N. E. Chute and R. L. Nichols) indicates an average rate
of accretion of nearly 100,000 cubic yards per years The recession of the
seaward shore of Plwus Island cccwrring during recent years along the northe=
ermn section of the island indicates that in localized areas south of the
jetty, for short periods at least, the rate of loss exceeds the rate of
supply e«

30s Manner of Movement of Maberialse ~ Since 1827, large changes have

taken place in the configuration of the shore line at the northern end of
Piuin Islands This end of the island is forked and there iz now a shallow
body of water known as "rhe Basini' 'béﬁween the two prongs of the forke
Interpretation of eaély surveys indicates that the Merrimack River entrance
was formerly migrating soubiward in the accepted direction of the pmdominaht
littoral driftc At some time during the period 1827-1851, possibly wnder the
influence of southeast stomms or as a result of passage of material across
the river inouth, a bar or spit formed at the northeast end of Plum Island,
enclosing "The Basin.," The Merrimack River entrance progressively moved
northward in conjunction with growth of this bar or spits Since construction
of the south jetty, during the peficd 1883-1905, the northern tip of Plum
Island has continued to grow into the river chamnel and, as a result of
abcretion, about 700 feet of the shoreward end of the south jetty, which
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had been constructed seaward of the shore line, is now covered with sands
Sand has passed over or through the jetty dwring and since its construstion.
During the irmmediate years after repairs to the jetties in 1937, it was rew
ported that more material was impounded by the north jetly than in the years
immediately preceding the repairss

51s The immediate effects of the jebty construction were that the
ocean shore of Plum Island south of the south jetty and the Salisbury Beach
éhore north of the north jJetiy advanced rapidly, Lititoral drift moves
around the outer ends of the jetties over the prominent outer bar which
extends about & mile south of the entrance. Same of this material, enroute
to the south side of the river, is also moved into and out of the channel
and deposited of fshore by tidal currents.

32+ During severe storms, large, rapid movements occur in localized
areas élong the northern ocean shore of Plum Island resulting in large losses
of beach materiale Some of this movement is landward as a result of winds
blowing sand from the beach and duness The greater part of these loéses are
effected by wave action which abttacks and erodes the beach and dunes and
carries the materiszl seaward. Some of the material is probably carried
north or south by littoral currents depending upon the direc'b:l.on of waves
when they strike the shoree The outer bar which extends south fran the
river entrance reduces wave héights on the shore for sbout a mile south of
the south jettye.. Variations in depths occur on the outer bary however,
vhich result in variations in heights of waves reaching this shgre‘ It
appears that the changes in depth on the cuter bar and the orientation of
smaller bars or shoals which fom on the outer bar may be responsible for
variations in the point of severest attack and shifting of the er@ding \“\__‘_
area af!.ongahore. The one=quarter mile reach of shore immediately 'i[south of
the south jetty is sheltered fram wave action to some degree by the Jebty
and offshore bar front.ihg that reache The next southerly oneemile stretch
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of chore which includes the narrowest portion of the island opposite "The
Basin” is more exposed to storm waves which severely attack and erode the
beach and dunese Consequently, it is dlong this reach that the mos'ﬁ -
favorable balance between rates of supply and loss existse

33. Method of Modifying Rates of Supply and Loss. = The major force

causing the loss of beach material in the problem area is storm wave aqtionQ
The greatest portion of the nommal supply of littoral drift probably moves
ail.ong the offshore bar under the influence of normal wave action and does not
reach the beach along the northern L1/l miles of the Plum Island shore lines
Groins would have to extend beyond the offshore bar aml average more than
1,000 feet in length in order to be effective in trapping nomal littoral
drifte Shorter groins in this area would probably be effective to a
1imitéd extent only in.retarding sand losses from the beach during storms,
In view of the complex situation resulting from the instability of the offe
shore bar, it is improbable that groins would be sufficiently effective to
be economically justifieds The rate of loss can also be reduced by cone
struction of an offshore f:reakwater to decrease the mmount of wave eneargy
reaching the shores This method has the disadvantages of high initial cost
and possgible adverée‘eﬁ-‘ect on ad jacent shores'. The remaining alternative
is t0 increase the rate of supply by artificially adding cand to the beach
in the problem areas This method appears to be the most practicable and
eeonomical, The large volume of sand that has asoumulated in the Merrimack
River at the northern tip of Flum Island inside the south jetty, offers a
suitable and convenient source from which sand could be supplied to the
beach in the problem area by hydraulic dredging.

3. Design Criteria, = A plan of protection for the urgent problem

area at the north end of Plum Island should provide that the existing eroded.
bighf or indentation in the shore line be filled to the general alignment
of the adjacent high water shore line with sand of size equal to or greater .



than that now composing the beach. Observations at the Portamouth Navy
Yard, about 1744 miles north of the Merrimack River emtrance, over an’
18syear period; indicate that tides exceeding a height of three feet above
the plane of mean high water, corresponding to a tide of 11 feet above the
plane of mean low water abt the north end of Flum Island, occur on an average -~
once in two years. At a high tide stage of 11 feet, thé maximun height of
waves :l;aadiing the low waﬁer line without breaking would be about nine fest
and two feet at the high water shore line, An elevation of berm for the
£i1l of 12 feet (m.lews) would be the minimum necessary under these condie
tionse The quantity of f£ill placed should be determined by the average -
profile conditions of existing adjacent beachess For the minimum quantity
necéss’ary;, the folume of £ill ahoul& be computed assuming a slope of 1 on-
_12.;5 from.the mean low water line up to the top of the bermy, and 1 on 20
below the mean low water lines The méan low water line of the fill should
be about 100 feet seaward of the mean high water lines

35. Fill placed in accordance with these criteria would provide a
minimum width of beach of 100 feet at elevation 12 feet (mslews) or bigher
in front of all buildings along the problem area. Even ‘if regession of the
shore 1in§ conbinued at the maximum reported past rates, swh a beach would
provide adequate protection for ab least two yearse, - It is considered un~
likely that erosion will continue at so great a rate in the same localized
area, but in any event periodic placement of additional fill will bo rew
quired in the shifting zones of severe localized erosions

Ve PLAN OF PROTECTIN

360 Flan Selecteds = Of the possible remedial measures, namely: (a)

structures to reduce the rates of loss of material such as groins, revetment
or a seawsll; (b) structures to prevent storm waves from attacking the
beach such as an offshore breakwater, and (¢) artificislly inoressing the

sand supply to the problem area by direct placement of sand fill - plan
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{c) is selected as lthe most practicable' Sﬁﬁlﬁm The section of shore on
which £ill should be placed exh"md; from a pbiamg.g%ut 3,000 feet south of
the south jetty to a point near the seaward end"‘i‘if" F.Lmn ‘Island Turnpike, a
digtance of approximately 3,000 feets The high énd low water shore lines
along this section are indented landward as much as 125 feet and 150 feet, |
respectively, from £he general shore alignment, The center of this section
is also the location of the narrowest strip of land between "The Basin" and
the Atlantic Oceans The plan selected would advance the high water shore
line in this indented section of shore into a general aligmment with the

high water shore line north and south thercofe The samd £111 should be in
such quantity as to provide a flab berm at about slevation 12 feet above

mean low water extending seaward about 100 to 150 feet in front of existing
cottagos and thence sloping at sbout 1 on 12,5 down to mean low watere The
quantity of sand f£ill placed should be sufficient to advance the low water
shore line about 100 feet seaward of the high water shore line, If it is
assumed that the fill material will adjust itself %o an average slope of 1

on 20 seaward of the low water shore line, the estimated quantity of required
£i1l will be 285,000 cubic yards, This fill should add sufficlently to the
general width of the shore in front of the cottage development so that during
subsequent shifts of the eroding area during the next few years, the width of
protective beach will not be diminished sufficiently to endanger the cottage
developmente LoOsses of material will necessitate replenisiment of the sand
fill to inswe maintenance of an adequabte width of protective beach. The
placement of approximately 180,000 cubic yards of sand on eroding areas ab
intervals of five years is considered sufficient to mainiain a suitable
protective beachs In view of losses of beach material northward over the
inghore end of the south jetty into the Merrimack River, it woulel be advisable
to raise the inshore porticn of the jetty to an clevatdion of abows 16 fest

abtove mean low water as may be required to act as a barrier to noysthward
drifte

w20 -



37, Estimated Costs =~ Amortigation charges are basged on a life of the

project of 50 yearss The rate of interest on the investment is cﬁmputed at
3.5 pmc®t¢ The maintenance requirement for the sand £ill is based on the‘
a\féx?age rate of loss of beach material in the area between the seaward end
of Pl Tsland Turnpike and the south jebty as determined from comparative

surveys yun during 1928 and 1952, All costs are non«Federal costsy

Be First Cosis

Sand £i11, 285,000 cubic yards @ $1.00 $265,000
Ralsing jetty, 2500 tons riprap @ $10.00 25,000
Engineering and contingencies " 75,000

Total First Cost $365,000
bo Annusl Charges |

‘Interest $ 13,475

Amortization 2,925

Maintensnce | )
36,000 cubic yards sand £ill @ $1.00 36,000

Total Annual Charges  § 52,00

38, Comments of The Cooperating Agency, - Close contact has been

maintained during the study with the cooperating agency, the Massa&usetts
Department of Public Vorkse Several conferences were held and a copy of
the draft of the report was reviewed by this egencys The cooperating agency
believes that the proposed plan of protection will fulfill the purpose of |
the State legislation which authorized the study, end it is in full accord

with the recommendations contained in the report.

VI. CONCLUSIONS AND RECOMVENDATIONS

390, Conclusionse = The Division Engineer concludes that the plan of
protection described in Part V of this report and shown on Plate 7 of the

drawings is the most suitable method of stabiliging the shore and protecting
shore front colttages and Northem Boulevarde



UOe Shore front property to be protected is almost.entirely privately=
owreds The extent cf publicly-owned shore front property is minor, consiste
ing of one street end and some narrow rightseofeway extending to the shore
between cottages. Since Federal participation in the cost', of protecting
privately«ouned shores would not be in accordance with existing laws, it
1s concluded that Federal assistance for such work camot be recommended at
this times |

1l Recommendationss = It is recommended that no project be adopted ty
the United States for protection of the shore of Flum Island within the City

of Newburyport and the Town of Newbury. It is further recommended that proe
tective measures which may be undertaken by local interests, based upon
their determination of econamic justification, be accomplished in accordance
with plans and methods proposed in this report. The plan proposed for pro=
tection of the present problem area consists of, (1) direct placement of
sand £ill to widen the beach fronting cottages and dunes along that portion
of the geaward shore of Flum Islaild located between points approximately
3,000 and 6,000 feet south of the south jetty at the Merrimack River enw
-4rance, and (2) raising the elevation of the inshore portion of the south
Jetty, as mgy be required,to act as a barrier to nortlward drifting and loss
of beach material into the Merrimack River.

k2, It is further recommended that protective masures along other
portions ¢f the seaward shore of Flum Island, that may be required as a ree
sult of shii‘t_ing of the area of erosion, be accomplished by local interests,
based upon their deteminetion of economic justification, in the same manner

as described for the present problem areae

15 Inclosuress L. H. HEWITT
8 Appendices Colonel, Corps of Engineers
7 Plates Division Engineer
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APPENDIX A
GEOLOGY

(From "rhe Geology of the coas’o of Northeastern Massachusetts" by
Newton Eo Chubte and Re L. NlcholS)

1. Glacial and Post Glacial Changes in Level. = The New England

Coast is a shore line of submergence. Most of this submergence oi‘ the
land with respect to the leVel of the sea occurred during the glacial
epoch, within the last 1,500,000 years when a series of ice sheets Tew
peatedly advanced and retreated over the areas, The amount of submergence
increased northward from New York City through New Englani. It has beei_l
estimated that the submergence in the vicinity of the Gulf of Maine
amounted to at 1eést- 1200 feet and that most of the submergence occurred
prior to the advance of the last glacier which ‘melted from the coastal
region 25,000 to 30,000 years' ago.. The retreat of the last giacie‘r was
accompanied by a gradual rise in the level of the sea as water was rem
turned to it and also by a slower rise in the level of the :land as it was
_.released from the ice load which had covered ite The net. result for the
Ipswich area, located inm_lediately soui?h of Plun 'Island, was that sea
level xose more than 30 i‘eef. higher on the land than it occupies toda'y.
With continued melting' and retreat of the glacier, the land continued

to rise at o rate exceeding that of the ocean, résﬁlting in a new stand
of the sea 20 fest or more lower with respect to the land than it 6ccupies
today. This lowest stand of the sea is believed to have occurred 10,000
-bo 15,000 years agoo Since then, sea level has risen to its present pOSi=
tions This last rise in sea level or submeréence of the coast may have
ceased 3,000 t6 5,000 years ago since which time the position of the land
relative to the sea has rema:.ned essent:.ally stable.

2e. Glac:.al Depositse = Matexrial picked up and trzmsported by the

glaciers and deposited when they melted and retreated fram the area are

the chief sources of sand in the New Bngland beaches. The glacial deposits
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are described as ©ill and outwash. Till depdsits are those laid down
divectly either wnder the iée or dropped from the ice when it melted.

Till is unsorted, unconsolida'ﬂed heterogeneous material ranging in size
from boulders to 'clay and it is sometimes called boulder claye. Outwash

is material which in the process of deposition was acted upon by streams
of glacial. meltjb waterse Outwash is, iherefore, more or less stratified
gravel, sand and silt, The only glacial deposits on Flum Island are small.
They are found at its southeast tip and consist of both till and outwash.
The till deposits consist of a boulder pavement marking the site of .a
completely eroded drumlin, a drumlin one=half consumed by wave erosion '
and a drumlin surrounded by dunes and marsh which has apparen’cly»never
been eroded on its seaward side. In addition, there are small patches

| of till and oubtwasho Thé_rest of Plum Island consists of beach deposits, |

the larger part of which are more or less completely covered by duness

3, Origin of Beach. » Plum Island is a barrier beach. It owes its
formation principally to the action of waves which threw up material from
the‘ ocean .bottom creating bars which retreated 1andward to form the existe
ing islande The deposits of till,l outwash and clay on Plum Island are too
small to have yielded enough material to form the beach and dunese The
conditions leading to the formation of the bafrie: beach were favorables
The deposition of clay, oubwash sands and gravels'arﬁ ﬁatarials brought |
down by the Merrimack River obliter_ated the irregularities inl the bedrock
surf’ace of fshore, thereby forming a gentls, regular seav‘wafd slopes Glacial
deposifs were probably the principal source of sand. Due to this gentle |
slope, waves broke at a considerable distance offshore, moving sand shore-
ward and forming ridges parallel to the shore. Continued additions to the
ridges or sand bars resulf.ed in the fomation of a barrier beach separated
from the mainland by a lagoons This barrier beach migrated landwards as
wave action threw and wind action blew material from its seaward side onto

its lagoonal sides The width of Plum Island was effected by landward .



extension of the sand dunes oub 6ver the marsh behind it and also“by prograde
ing of the shore after the bafrier beach had retrograded landward to its
approximate present position. Material may also have been contributec} to
Plum Island by littoral drifiing from adjacent shores. Existing evidence ine-
dicetes that such drifting is 'moderate, with only a slight predominance in a
southward direction, The absence of any large amount of éccre‘bion' at the up=
drift side of exisf-ing -jetfies at the mouth of Hampton and Merrimack Rivers
and corresponding erosion on the dowmdrift side as might be expected if there
'ﬁere one pzjedominant. direction of drift indicates that no large predominance
existse A general sbuthward drift of beach sa.tids is indicated by the greater
_acoumulation of beach and dune sands in the sowthern part of Plum Islandl and

at -Castle Neck and Coffin Beaches located south of Flum Island,
Lio Shore Forms, = The only noteworthy shore form within the study area

is the eastern prong at the north end of Flum Island east of "The Basin'le

" This prong formed as a sand spit .which grew northward from the main portion
of the island starting sometime between 1827 and 1851, A detailed descripe
tion of the shore line changes accompanying 'i"oma',tion; of the spit is included
elsewhere in the reports Formation of the spit has been attribubed to northe=
ward littoral drifting resulting from the action oi\‘ wind generated waves

dixring a period when southeast stomms were predominant over the generally
prevailing northeast stoxmse .

5s Puture Trends. = The general tendeney of shore currents to move from

north to south should result in continued southward movement of eroded 12t oY=
ial from the north to the south. 'Ré‘bmgrading of Boarts Head and beaches
located to the north will continue while pmgrading continues in the Castle
Neck région; As the nor’c.hem' ai-ea retrogrades, more and_ more bedrock will be
exposed, thereby reducing_ the supply 6f material to southern f:oeaches. Hampton
Seabrook, and Salisbury Beaches and Plum Island will also retrograde, 8 pro=
 cess which should continue for hundreds of yeé.rs. Eventually, as the supply
of material is reduced by exposure of more bedrock, the Castle Hill region
will also retrogrades Ultimately, thousands of years from now, the shore

line will be far inland of its present position and lined with bedrock cliffs
similar to those now found on Cape Anne
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APPENDIX B
COMPOSITION OF BEACHES

1. Available Data. = Sand samples were taken during August 1932 and

analyzed for median diameter in connection with prior beach erosion investi=
gations at Hampton, Seabrook and Salisbury Beaches. Median diameters of | ‘
beach sands along Flum Island, Castle Neck and Goffih,Be;;ch are gvailable
" from ®A 'Text,ural Study of Ceﬁain New England Beaches", a doctorate thesis
by Marshall A. Schalk, Harvard University, 1936+ In addition, samples of
beach sands along the fzorth end of Plum'Island were obtained and analygzed
for this sbudy during 1952, Samples along Hampbon, Seabrook and Salisbuzy
" Beaches were taken at high tide level, mid=tide level and at a depth 10 feet
. below mean low water. Samples by Marshall A. Schaik, along Plum Island,
Castle Neck and Coffin Beach were taken at high tide level, low to midetide
level and abt the send dunes. Locations and results of analysis of samples
_ taken during 1952 aire shown on Plate 7s Locations of samples taken prior to
1952 are shown on. Plate 1o Probings were made in the Merrimack River ehm -
trance north of Plum Island during 1938 and they are shown on Flate To

2o Median Diameters - Hampton and Seabrock Beacheg. = Median diameters

of samples for Hampton and Seabrook Beaches are tabulated belowe Samples
were taken on the pi-ofiles designated by letters from north to south as

shovn on Plate l. Samples taken in the Hampton River inlet have been

‘omibtedo |
| MEDIAN DIAMETERS IN MILLIMETERS ___
Location MCEoWe Level . Helf Tide Lever  i0«=kto BELOW MolLaWg
Frofile A 0s165 0,203 ' 0el52
n B 00216 ‘ Cel 78 ' 0e1L0
" C GsL77 . 0:ho6 OolhO
" D - 0e229 - 0.279 . 0sL78
v L 08246 C 06279 | 00152
" F ' 00250 0,457 0,152
" K 00305 ) 00267 ' ) 00267
" L Ca292 0o2iL , 00216
" M 00394 00381 00267

3o Median Diamoters - Salisbury Beach, = Median diameters of samples

for Salisbury Beach are tabulated belows Samples were taken on the profiles
designated by stationing from south to'north as shown on Plate 1.

Bel



MEDIAN DIAMETERS IN MILLIMETERS

Location M HWs Level Falf Tide Level  &Omite BELOW MeLiWa
0 ;‘ 0] 0533 04483 0.1183
10 40 00546 0,584 - 0s4432
2040 Oolili5 ' 0,305 0:203
3040 0.183 0.3k3 002l
Lo £ 0 0sL06 06533 0s2l1
504 0 05546 Oalili5 Qo234
60 40 0:429 0e353 0178
72 40 0:483 05330 00229
7940 0e3h3 00305 0,203
90 4 0 06279 0s2L6 0:229
100 4 0 04279 04254 00216
110 4 0 0279 06254 00229
120 4 0 0:305 00267 - 06229
130 4 0 04279 © 0:305 | 06251
lhO )4 0 0&330 0026? 002’-&1
150 4 0 04279 : 0a775 06254
160 % 0 0925}.[. 0.21.8 _ - 0»2‘16
170 4 © ‘ 0a25L 06330 - 0.203
178 4 72 06279 00234 - 04203

Lo Megisn Dismeters = Flum Island, Castle Neck, Coffin Beach. = Median

dianeters of saﬁp.‘!.es for the Plum IslandeIpswich area are tabulated belowe
Samples were taken at approximate locations designated by numbers from north

to south as ghown on Plate l.

MEDIAN DIAVETERS IN MILLIMETFRS

-Location . M.E.We Level. Low Water to Half Tida Lawel Dune
1 0,690 1.050 -
2 0,635 0578 -
3 06530 - 0710 -
l 0.705 0-h80 ‘o
5 0s5L7 0500 00325
6 0618 03116 -
7 003590 : 032l -

8 = 0,325 -
9 ' 00368 0,230 -
10 00270 - 003130 0s222
1% 0,260 ' Ca2130 -
13 - 0,210 -

1 - : 00192 -
15 - C Goi92 0:188

5¢ Average Mediah Diameters of All Beaches. = Tabulated below are

average median dismeters for all samples Listed sbove by individual

beachess



| " AVERAGE MEDIAN DIAMETERS IN MILLIMETERS
Location : (Samples) HoHoWle Half 7100 Hell Lo Low Tade 10954 MibW

" Hampton Beach  (AwF) 0022). 05300 ' - . Del52
Seabrook Beach  (K=M) 00330 0297 - 0o2k9
Selisbury Beach (040 w 178472) 00371 0361 - 0s2h9
Plum Island LaB) 0a584 ® 04538 o
Castle Neck 9=12) .. 0s277. - 06262 -
Coffin Beach 13<15) - - 0198 -

6o Comparison of Composition of All Beachese = ALl beaches for which

nmedian diameters are listed above are sandy in composi. tiona. The shore
along the north end of Plum Island is coarsest in compositione The

beaches are progressively finer northward from Plun Island along Salisbury,-
Seabrook and Hampton Beaches. The ’composition of the shore of Plum Island
is progressively i‘inér fram north to south and this change towards finer
material continues south and east of Plum Tsland along Castle Neck and
Coffin Beach, Available samples at the h:t.gh waber level indicate that
Hampton Beach is Ifiner than other beaches investigzted. No saﬁzples are
available ot the high water level ab Coffin Beach, Sanples taken between
ﬁhe half tide and low tide level a't‘; Coffin Beach were finer than those ab
the half tide level at Hampton Beach, indicating that Coffin Beach may

be as fine or finer than Hampton Beacho Samples of offshore material
opposite Hampton, Seabroc}k and Salisbury Beaches were f:t.ner than the onshore
material. Sampl'es of offshore material in the Merrimack River entrance and
opposite the north end of Plum Island were conéiderably coarser than the

onshore materials



APPENDIX C
TIDES
le (Cenerals = The tides at Plum Island are semidiumale The mean

'bicial range at the éntranca to the Merrimack River at the north end of the
island is 800 feet and the spring range ié 9¢3 feete The mean tidal",::"ange
at the entrance to the ipsi-:ich River néar the south end of the island is ‘

807 feet and the spring x;ange is 9.9 feets
| 2e¢ Tidal Observation:; + = The nearest station to Flum Island for which

United States Coast and Geodetic Swvey tidal observetions covering a long
periocd are available is located at the Portemouth Navy Yard, Maines Obsere
vations at other locations between the Portemouth Navj Yard and, or ab,
Flum Island are of short durations The locations and app.f*ox:imate lengths
of tidal observations at Locations from Plum Island to ‘Portanouth' and

their distance from the entrance to the Mervimack Riter are listed belows.

| Length of Distence (miles) fram
Lecation ' . Observationg Merrimack River
Portsmouth Navy Yard, Maine 18 years 17.h
Isle of Shoals, New Hempshire 3 months 15:2
Hampton Harbor, New Hampshire 5 months S5¢3
Merrimack River Entrance, Masse 1.5 monthe ‘ 000

3o Highest Tides. = Compardison w'aé made between all the high tides‘

~ observed at the Merrimack River entrance between August 15 « 31, 1928,

and high tides for the same period at the Portamouth Navy Yard to determine
whether variations from the mean range of tide were comparables The larg'eat
difference between the variations was 0e3 of a foot and this occz_ifred onces
The variations showed a difference of 0{.2. of a foot 6 times, of 0al of a
foot 1 times, and were exactly alike 10 timsse A similar comparison was
made with the Fortsmouth Navy Yard observations, using the 16 highest tides
observed at Gosport Harbor, Isle of Shoals, for the periods June 1 « July
31, 1928 and September 15 = Octdber 17,-194L, and also using the 26 highest
tides at Hampton Harbor for the periods September lj = 18, 1928 and July 1 =

. November 31, 1931, The maximum difference between variations from mean

Cw=1l



high water in both insbarhes was 02 Of a foobt and this maximum occurred
two times at each location. Differences in variations of 0ol of a foot
occurred 6 times at the Isie of Shoals and 15 times at Hampton Harbor.

All other variations were _exactly alikeo The excellent agréement between
the variations in tidal heights from the planes of mean high water at each
location indicatés that tides ab the Por’csmcuth Navy Yard are jbypi'cal of
those along this entire areas The frequency of bccurrence of tides 1, 2;
3 and 3¢5 feet or more above the plane of mean high water was determined
from the daily high water observations for the yearé 1927 - 1934, 1941,
and 1943 « 1951 at the Portamouth Navy Yerds Ib was found that tides
exceeded the plane of mean high water by 1 fool or more on an averagé
annual basis 107 times, by 2 feet or more 12 'ﬁimes, by 3 feet or more Ooli5
times, and by 3.5 feet or more Os17 'bimes.‘ The highest _'tide exceeded the
plane of mean high water by 3e9 fee‘b on November 30, 194k A mmma:ry
showing the total number of occurrences and the ainount' of excess for all
tides which exceeded the mean height by ab least 2 feet for the entire
period of record (17.7 years) is given belows

Tides Exceeding Mean Height at Porbsmouth Navy Yard, Maine

Feet in Ezcess : Feet in Excess

of Me Ho s Noo Ocourrences of Me Ho Ws_ Noes Occurrence:
200 52 360 2
201 o owe 301 1
22 Lo 302 1
2.3 18 ‘ 303 2
20l | 18 0 3ok 0
245 D 11 345 1
266 ‘ 0 306 L
207 3 3.7 0
2,8 . 2 | 3.8 0
2,9 5 3.9 1

Cwm?



APPENDIX D
CURRENTS

le In the Merrimack River‘ Entrances = Current measurements in the
Merrimack River entrance were ﬁade on November 1, L and 5, 1937 All
measurements were made on the ebb tides They covered the entire- areé
between the parallél portions 'qf the jetties and more than one=half the
| northern area of the rive_ar south of the inshore am of the north jebty.
The height of the tide above mean low water, the genexral location, and the

maximum currents are tabulated belows All 1ocations are between the

Jetties.
' Height of Tide . Maximum Current
Date : (Feet) Location . ~ (Feet/Second)
November 1y 1937 246 Midechannel, Selt
. 1e7 350% south of north jetty 645
, 1,2 250_' south of north jetty 5e2
November L, 1937 5-3 Mi,d=channel | 52
" Ce3 360! north of south jetty 62
, - k2 150 north of south jetty 642
346 25¢ south of bend in north 642
: Jetty .
3ehs 300! south of bend in morth 55
Jebty
149 Midechannel 5e5
Novenber 5, 1937 - 348 Midwchannel : 5¢3
' 3.1 100t south of bend in nor’bh 640
jetty .
242 50t south of bend in north 645
Jetty .

The mean currents at maximum ebb and flood compubted from mean cubature
during 1938 are as tabulated belowe
Ab_South Jetty

Fresh water flow Ly660 cefsse.

Tidal range 913 feet

Tidal prism 23,637 acre feet

Maximum flood current 258 feet per second
Maximun ebb current 323 feel per second



At Coast Guard Marine Railway (NeW. Cors Plum Isiéndi

Fresh water flow ll9660 Cele50

Tidal range 8¢5 feet

Tidal prism 22,546 acre feet

‘Maximun flood current 1.83 feet per second .
Maximum ebb current 2013 feet per second

25 North of Nérth Jettye = Current measurements were made opposite
Salisbury Beach, north of the North Jetty during October and November
193Le Wooden floats made of 2=inch by heinch spruce hé.ving lengths of
ly 8, 12 and 16 feet were useds The lower ends of floats were weighted 50
that only L inches were- out of waters Floabs were used in water depths
slightly exceeding their lengthso Measwed currvents averaged 0.07 to Oek0
fest per second, with maximum currents of 0,08 to 0470 feet per second..
The observations indicated that tidal currents on flood tide cause a
movement slongshore south toﬁards the mouth of the river and on ebb tide
away ffom ‘the rivers The movement during ebb tide i; complicated by an
eddy current just north of the North Jetty and probably also by reaction
cwrents in addition to wind currents, causing' considerable variation in
the resulting movement with vafia.tion in conditions affecting these
factorss None of the observed ﬁoats appeared to be affected appreciably

by wave actione



APPENDIX E
PREVAILING WINDS AND STCRMS

le Prevailing Winds. - United States Weather Bureaun wind records for:

_ Boston, Massachusetts, the weather station located nearest to Flum Island,
show that prevailing winds approach from wesberly directionse Two wind
roses made from these records ax'-e shown on Flate 1o The wind rose covering
the years 1927 - 1937 is based on meximum daily velocitiese It shows a very
high prepbnderancé of westerly winds with the greatest frequency from a
norbhwest’ dirvection. Plum Island faces open water to the eas'b‘and. wave
action which can affect the shore can be generated onl;.;r.by winds having
easterly components. The frequency of such m‘.nds is Slightly larger from
the east direction and predominantly larger i‘x;dm the northeast quadrants
The wind rose covering the period April 1950 to March 1952 is based on
hourly observations of wind speed 'and Q.irecti.ono This rose also shows a
very high preponderance of westerly winds with the greatest duration from
the so&bhwest directions The dwration from the northwest quadrant, however,
is greater than from the southwest quaciranto Prevailing winds from the
easterly directions are shown as having a slightly greater duration from
the northeast direction and the northeést. quadrant, Wind roses showing
é.v_qrage' winds in 5-degrefe squares for the northeastern United States;,
compiled from records of the Uhited 'States Navy Hydrographic Office, are
also shown on Flate 1o The rose covering the area including Boston and '
Flun Island shows a high preponderance of winds from westerly directions,
and a predominance of winds from the northeast direction and quadrant Gver
other winds having eaé'berly component.se It can be concluded from the above
that the preva.:i.iing winds blow from westerly directions or offshore with

* respect to the study area, and that winds which blow onshoi'e prevall from
the northeast quadrant ﬁith no large predominanco from any direstion in
this quadrant.

2o Stom Windse = A summary of the number ¢f gzles compiled from
records of the United States Weather Bureau at Boston, Massachusetisy

Bor



covering the 75~year period 1870 = 1945, inclusive, is given in the following

table,
‘Gales (18701945, inclusive)
Diretion N M E SE § S W, M ot
Nos of Gales 3 8 9 1k 12 15 13 1 160
Perceht of Total 2 50 6 9 7 "9 8 9 l100

The above. gales represen'l;, major disturbances aecompanied by high wind speeds
of long dﬁra’cion. Classification of direction of each gale was made in ace
cordance with the predominant direction of wind, Variations in direction
during gales are not accounted fors From the above, it is apparent that
‘bhelje has been a high preponderance of severe northeést galese

3¢ A summary of the number of days wheﬁ winds of gale Porce occurred,
compiled for the period 1927 = 1937, as shown on the wind rose on Flate 1,
is given in the following table.

Winds of Gale Force (L1 mepah; or greater) 1927 - 1937, inclusive

Direction N NE E SE S5 S W MW Total
NeofDays 0 L 2 3 1 5 15 13 43
Percent of Total 0 9 5 T 2 112 3 30 100

The nwnbér of days during wﬁich the 'above winds occurred was compiled from '
‘ -reoords of maximum daily velocitiess The compilation does not necessarily
| represent the number of days on which severe gales occwrred since it does
not take account of ‘the duration of the high windse This record indicates
that the 'i'requencjr of occurrence of high winds is greatest from the wes‘c..
and 'norbhwest directions and the northwest quadrant, while high winds
having easterly compohents oscur most frequently from the northeast
direction with little difference in frequency between the northeast and
southeast quadrants, |

he A smn:_narﬁf of wind speeds and directions compiled from United States
Weather Bureau records for Boston for the period April 1950 - March 1952,
inclusive, is given in the following tables . |

Ew?2.



Wind Speeds and Directions (April 1950 = March 1952, inclusive)

Wind Speed.” NUMBER OF HOURS _
(MoPsHg) O3 L=l  OmiZ- L3wlB dywdl 20w3L 3238 3016 L{ roval

Dirention —
N 12 109 365 298 51 30 L 1 0. 87
NNE 15 79 233 22k 3 5 1 0 654
NE 17 167 291 262 120 27 16 5 1 906
ENE 26 108 17h 146 h 16 ) 10 5h5
E 16 129 3.4 267 80 18 6 i 1 8L5
ESE 17 126 320 211 18 22 1 0 L 749
SE 1, 125 265 221 39 2 0 0 0 666
SSE 11 137 278 109 26 10 0 0 0 571
s 12 237 308 131 39 13 3 2 0 hs
SsW 12 135 295 265 80 16 L L © 811
SW 16 287 1i02 903 19k 4S5 1L 2 0 2560
WSW 9 160 U498 296 3L 1 ¢ 0 © 995
W 17 203 489 256 33 11 0 ¢ o0 1009
WL i 276 930 684 18k 53 9 0 O 2150 -
Ny 17 197 666 669 238 108 17 0 o 1912
NNW 9 13 L0 576 192— K9 5 0 0 ik

The above wacord ghows the.winds ﬂ‘hd.ch have.ocecurred duriny the mecenh poxiod
when ervsign has been particularly severe at Plum Island. The compilation is
based on hourly records of wind velocitieses The duration of the record is oo
short to give a reliable indication of wind expeotanéyo It is _ihteres_t.ing to
note that this brief compilation which includes duratiop is in gez;lxeral aAgree= -
ment with the 75~;§rear record of gales discussed above in that wincigs of gale
force (39 niles per hour or greater) occurred predominantly‘frqm the northe
east quadrante It is indicated by the above that a ﬁigh preponder.-&dg of
the most severe gales which occur at Boston and, therefore, probablyz... at Plu_m'
Island, approach onshore from the northeast quadrant and that winds of
slightly smaller intensity predominantly blow offshore from the northwest
quadrante | | |

| S5 Stomm Damagese. = 'I'hefollowing condensed accounts of stofm damage
at Plum Island, Massachusetts were prepared from storm damage veports, a file
‘of newspaper clippings and a report by the Flum Island Taxpayers Associaﬁ.ion,
all on file in the New England Division Offices



Date
1939«1340
February 1L & 19, 1940

~ April 21 = 22, 1940

 Januvary 12, 1941

November 1945

February 15 and
March 21, 1950

September 11 « 12, 1950

November 25 = 26, 1950

Account

Extensive erosion of the dunes at the north end of
Plun Island in front of 8 cottages located about 1/h
mile south of the south jetty at the mouth of the
Merrimack Rivers R '

Two sgvere snow storms, the former equalling the
worst blizzards on records Coastal areas were lashed
by heavy sease Heavy suri and exbremely high tides
accompanied the stormse Damage at Fium Island cone
sisted of erosion and undermining of 2 cottages in
the same area as aboves |

A northeast storm accompanied by extraordinary high
tides, Aboubt 20 feet of dune washed away at the
north end of Plum Island (same aves as above) taking
with it a cottage and a bulkhead and leaving ssveral
other cottages damaged or endangered, Damage esbim
nated at $10,0000 ’ :

Offshore gales during a period of extreme high tides.
Dunes eroded along north end of Plum Island in front
of 8 cottages (same area as above)s Dunes which were
25 to 80 fest wide in front of cottages on April 16,
1940 and had been cut back up to 40 feet on April 21,
1940, had an average width of 20 feet after this
storme Damage to cottages light, estimated at $1,000¢

Three storms, one from the southeast on November 20,
another al.s0 southeast on November 22, and the third
from the northeast during November 28«30, Storms
accompanied by extreme high tidese North of the
road leading to Plum Island, the dunes were cut back
for distances varying up to 50 feste Immediabely
north of the roady 15 cottages were undermined and
piazzas and foundations were damageds Cottages were
left in a precarious position at the brink of the
eroded dumes, At the south end of the beach, the
dunes were cub back about 20 feet and 3 cottages
Lost porches, steps and skirtingss

Two northeast stomms caused erosion of  the beach
and up to 15 feet of recession of the sand dunes
along the shore north of the road leading to Flum
Island in the vicinity of "The Basin',

A northeast storm caused erosion of the beach and up
to 30 feet of recession of the dunes along the shore
of Plum Island in the vicinity of "The Basin's Three
cobtages and a garage were tobally destroyedy 2 cote

- tages partially destroyed, porches and sbeps at 10

other cottages were damaged, and the cottages were
wdemineds Estimated damages o bulldings, $25,0004

An easterly stom acccm;Sanied by high tides caused

erosion of the beach and up to 20 feet of recession

of the sand dunes along the shore in the vicinity of
®The Basin', The erosion of the dwnes undermined
cottages located on thems Some cottages were carw
ried out t0 sea, others babttered and destroyed, and
other cottages were wndemmined so that they overhung
the beach or were left at the edge of the eroded
sand duness Estimated damages to buildings was
375,0000 ' :

Ewbl



APPENDIX F
SHORE LINE AND OFFSHORE DEPTH CHANGES

le Basic Datao = Maps showing the location of ‘the shore line and the

' 6, 12 and 18«foolt depth eontours of all of Plum Island and portlons of ade
joining beaches were preparsd from United Stabes Coast and Geodetic Survey
data for the years 18511857, 1878, 1910=1512 and 1928 A survey run by
the Department of Publi.c Works of the Gommbnwealth of Massa_chuse'bts during
1952 locating the shqreliine and offshore depths along thé north and east
shore of the developed northern portion of:' Plum Island was added to the
abdvé data., In addition, maps were prepared based on selected ‘surveys show=
ing shore line and offshore depth locations at the mouth of the Merrimack
River and the north end of Flum Island extending not more than L1500 feet
south of the south jetty. The latter surveys cover the period 1827 to 1936
and were mostly run by the Corps of Engineers, United States Armyes They
show conditions beforae, durihg a.nd‘. after construction of the jetties.at the
river entrance. Maps based on United States Coast and Geodetic Survey data
- and the 1952 survey by the Conmonwealth of Massachusetis are included as
Plates 3«lo Maps based on other surveys are included as Plates 5«6 De=
sci'iptions of shore line and offshore depth changes for the entire fegion
are presented below based on the UeS.Ce&GaSs and the Massachusetts surveys,
- and separately covering the area in the ﬁcinity of the Merrimack River
entrance based on selected surveys. Due to the scales used on available
maps, it is obviously difficult to ﬁeasuré- smail changes with accuracys.
Amownts of change, when given in fest, are necessariiy scaled distances.
The changes described can generally be considered accurate 1nsofar as they
'indlcate the trend in the area described, and approximate only in mdxcating
quantltatlve changes.

2. FPlun Island and Adjoining Shores (1851~1928). =~ Detailed descriptions

covering changes at the Merrimack River enmbrance, the south end of Salisbury
Beach and the north end of Plum Island to the south end of "The Basin® are



inciuded in Paragraphs 8«12, Changes, as shown by comparison of UsSeCe&GeS
survey s, consisf.ed of a large northeasbﬁard growth of Plum.Island between
1851 a.nd 1912, with the growth continuing at a slower rate in a northward
direction between 1912 and 19280- Accompanying this growth of Pl Island,
there was a large northwestward retreat of the south shore of Salisbury

Beach between 1852 and 1912 which continued a‘b. a slower rate between 1912

and 1928+ The seaward and‘- river shore of the southeast end of Salisbury |
Beach, extending abbut. 900 feet west and 2000 feert_. ﬁorth of the north jetty,
pi-ograded generally less than 100 feet between 1912 and 1928, Recession

of the seaward shore of Salisbury Beach, located 2000 to L500 feet north of
the north jetty, occurred between 1912' and 1928, with the maximum recession
being about 100 feebts Recession of the seaward shore of Flum Island, located
between points 150 to 1600 feet south of the south jetty, also occurred be-
tween 1942 and 1928, with a maximum shore retreat of about 100 feete Rew
cegsion up to 75 feet also occurred bétween 1912 and 1928 along approximately
1600 feet of the seaward shore of Plum Island opposite the south end of "The
Bagine" The seaward shove of Plum Island, located 700 to 5400 feet south of
"The Basin,® receded between 1852 and 1912 and prograded between 1912 and
1928‘9 The net effect of these changes left this entire shore line, in 1928,
seaward of its 1852 position, the largest seaward movement of about 200 feet
having occurred at thé south end of the area while progressively smaller
gains occurred to the north. The‘ seaward shore of Pluﬁ islan’d, located 5400
to 11,100 feet south of “The Basin" prograded between 1852«185) and 1928, the
amount of seaward mpvemen‘b of‘ the shore line varying between 50 and 200 feet,
Only the 185k shore line positic;n of the central poftion of the seaward shore
of Plum Iéland is available so determination of changes in this #rea camnot
be mades The seaward shore of Plum Island, located 8800 to 14,800 fest
north of the southeast end of the island prograded about 50 feet between
1853 and 1912 while 5400 feet of shore south of and adjacent to this area -

receded about 50 feets During the same period, there was no significant



change in the shore line position at the southeast tip of Plum Island. The
'Southﬁest éﬁd of Flua Igland, however, experienced a large growth, the shore
line moving 1200 to 1500 feet southward between 1853 and 1912. Large changes
also occurred along the Castle Neck shore bétween 1853~1855 and 191019110
Changes consisted of accretion along almd.st all of the north shore of Castle
Neck, the largest ‘shore line movement exceeding 900 fee‘b;

‘3s¢ Changes in oi‘.f_‘s‘hore. depths in the vieinity of the Merrimack River
entrance between 1851 and 1878 were assdcia*bed with iﬁs northward migration.
During 1851 there were two natural river channels. One i‘l.owed in an east
southeast direction about parallel and 200 to 300 feet sduth of the position
of‘ the 19_28 shore line of the north end of Plum Island. It then turned and
flowed eastward across the outer bar sbout 600 to 700 feet south of the
present position of the outer arm of the south jebtye. The other chamel
flowed further south in a south southeast direction parallel to the 1852
positim of the northeast shore line of Plun Island and then turned and
flowed in an easterly direction across the duter bar about 3300 feet south
of the outer arm of the south jett‘y.- With northward g'roirbh of Plum Island
and recession of the south end of Salisbury Beach, the main course of the
river migrated to the north and .in 1878 flowed in a general easterly direction
within the area now defined by the outer arms of the north and south jebtbies,
The 6, 12 and 18-foot depth contours which had defined the outer limits of
the bar at the mouth of the river in 1851 moved landward after northward
migration of the river entrance, the maximum movements of contours up to
1878 being as follows; 18-foot, 1500 feets 12«foot, 1300 feet; and S»foot,
1800 feets As the bar at the 1851 river entrance wa'sA erdded, shoaling ancf
formation of another bar occurred at the 1878 river entrance and depth
contours moved seaward of their 1851 positions as followsy l8=foot up to
600 foet; 12~foot up to Boo.i"eet; and b-foot up to 2000 feet. This shoaling
exbended'r.lor‘bh of the 1878 river entrance, resulting in seaward movement of



the 6 and 12-foot depth conbours opposite the south end of Salisbury Beach
while the 18=-foot contour moved slightly landward,: |

‘he Offshore depth changes between 1878 and 1928 reflect the effects
of construction of the jetties at the river entrance between 1831 and 191k
as well as the continued northward growth of Plum Island and the recession
of the south shore of Salisbury Beache The northward growth of Flum Island
was accompanied by growth of a submarine bar from the nortlwest end of the
islands The bar, in 1928, trailed in a northeastward direction across the
river entrance toward t.he shore arm of the north jettys The river channel
vré.s deflected northward close to the south lshore of Salisbury Beaéh a:qd then
flowed in a southeasterly direckion parallel and very clase to the shore am
of the north jetty. Tt was then deflected by the outer arm of the south
Jetty and flowed across the outer bar in a direction slightly south of cast.
Scouring of the river bottom and excessive deepening occurred in ﬁhe channel
close to the shore am of the north jetty and some deepening also occurred in
the chammel across the outer har. The deepening across the outer bar was
insufficient to accamplish the original purpose of the jetties which was to
‘create a channel 17 faet deep. The outer bar a;t. the mouth of the rivef grew
in size so that in 1928 the 12 and 18-foot depth contours were up to 1200
fee_’o gseaward of tﬁeir.lB?S positioné, this seaward movement diminishing
gradually for distances about 3000 feet north ad south of the river channel,
beyond which the contours moved landward. Numerous small 6=-foot shoals at
the mouth of the river in 1878 did not exist in 19284 The 6-foot depth
contours north and south of the jetties _m@ed landward u1$ to 1500 and 1000
feet, resﬁectively, between 378?8 and 1928. A large isolated 6-foot shoal
existed offshore 1500 to 2500 fest south of the south jebty in 1928, The
seawarci edge of this shoal was over 1000 feet further offshore fhan the 1878
location of the 6~foot depth contour, The shoal was orlented in a general

northeast=southwest direction parallel to the 12 and 18=foot depth contourse .



5e Offshore depth changes opposite approximately 11,000 feet of the

Plum Island shore south of "The Basin between 18511857 and 1928 consisted
generally of deepening and landward movement of fhe 6, 12 and 18-foot depth
contours; A long l2-foot offshore bar which, in 1857, paralleled the s‘ho're,
located 5000 to 11,000 feet south of “The Basin® was nob shown in 1928;‘its
loss probably resulting from landward movemént and connection to the fo?:'e-
shore slope of the island. Offshore depth contours available for the
venainder of the seavard shore of Plum Island to the south cover only the
period 1851=-185T7. It is, t'here:é'ore, not possible to make a camparative
study of offshore depth changes for this areas It is interesting to nobe
that in 1857 long, narrow 6 and 12«foot of fshore bars existed pé.rallel 1o
most of this shores The existence of these béx;s_ lends support to the theory
which attributes formation of Pium Island to wave action throwing up bobtiom
naterial 4o form offshore bax:s whrich retreated landward to fomm the present
land masse There was no significant change in offshore depths at the mouth

- of the Ipswich River south of Plum Island between 18511857 and 1911.

' 6. Plun Island (1928‘-:1952.); - ‘Gomparison of the shore line and offshore

depths at the north end of Plun Island from surveys. by the Commonwealth of
Massachusetts during 1952 and the United States Coast ard Geodetic Survey
during 1928 is shown on Flabe L4« This comparison indicates that the principal
shore line changes &@long the ri_ver shore of the north end of Plum Island con=
sisted of acc%gtion and northw:ard growth of the island of 600 to 700 feeb i
;except for a shore recession of about 150.feet ad;'jat‘:eﬁb to the south Jetty,
and a recession of a:pproxima_tely 300 feet at the northwest tip of the island.,
Shore line changes albng the seaward shore of Flum Islénd consisted of a re=
cession of about 100 feet adjacent to the south Jjetty diminishing to a point
of no change 2000 feet south of the Jetly, thence a small amount of accretion

or no change along the next southorly 1400 feet, and,shore recession along. .-
¥ac rhore located 3U00 to 11,000 feet south of the jetty. The anount
of this latter recession gradually increased southward, being aboutb
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150 fect opposite the south end of "The Basin," éﬁd_about 250 feet at
a point midway beﬁween %The Basin® and the seaward end of Plum Island Turnpike.
At Plum Island Turnpike, the recession was about 100 feet and south of this.
point along the shore fronting the cottages it averaged about 150 feete Along
appro:d.mately 2000 feet of shore south of the cottages, the recession averaged.
about 200 feete | o

| To The submarine bar trailing into the river northeastward from the
north end of élum Island towards the north jetty diminished in width and
trailed in a more easterly direction while still péo;jectin'g about the samé
.distance into the rivers There was little chahgé in the position and direction
of the river chammel between the jettiess The 6 and 12-foot depth foreshore
contours opposite 1000 feet of the seaward shore of Plum Island south of ‘the_
south jetty remained in é.pproxz'.mately the same position. These same contours
opposite the Hshore 1000 to 5000 feet south of the south jet.{.y moved 1ahdward |
quite close to the high water shore line, and further south the é=foot depth
contour moved seaward while the 12-foot contour moved landwarde A bmfootb
bar which,existed 1500 to 2500 feet oi‘fshore sbout 1000 to 2500 feet south of
the outer arm of the south jetty during 1928 increased in length and width
and during 1952 occupied a more southerly poéition 1000 to 1500 feet offshore,
2000 to 5000 feet south of the outer arm of the south jetty, and a 1l2-foot
offshore bar extended southward from the 6-foot bar. A chamel with depths
exceeding 18 feet formed between the lz#foo'b offshore bar and the foreshore
slope opposite the island between the seaward end of Plum Island Turnpike and
the south end of "The Basin,! and this channel extended northward with depths
exceeding 12 feet between the 6~foot offshore bar and the foreshore slope
from the south end of "The Basin" nearly to the south jetty. The greatest
depth increase during this perlod occurred in the above described channel
about midwgy between Flum Island Turnpike and "The Basin," whe::"e the depth
increased from about L to 20 feeb, Depths in the channel shoreward of. the
600t bar were about the same in 1952 as during 1928,

F-6



Be Merrimack River Entrance = Before Construction of Jebties (1827=1.880) o
The oldest available survey of the Merrimack River entrance was m&&e during
1827+ At that time, ™he Basin' did not existe The river entrance was
located about onew-half mile south of its present posi_i;iom The north shore
of Flum Island was 1300 to 2500 feeﬁ south of thé centerline.of the present
position of the outer amm of the south jetty, and the soﬁth erd of Salisbury
Beach extended 300 feet south of the same iine of appromlately 3000 feet
 south of its present positions The northwest end of FLum Il and had the
form of a bar trailing into the Merrimack River in a northwest direction and
the soubh_east. end of Salisbuz-y Beach had the form of a bar traiiing seaward
in a southeasterly direction. The iow waber depth of the river channel )
across the outer bar was about 5 feet. Mé.,jor changes must have occurred in
the vicinity of the Merrimack River entrance between 1627 and 1851e Although
no surveys are available for any intervening years, the probable changes can
bé reconstructed by comparison of the 1827 and 1851 sﬁrveys. The river
entrance mu:st have migr;ated further south afber 1627, resulting in erosion
of the northeast end §f Plum. Island so-that its northeast shors was in the | _
api)rond.ma'be position of the present west shore of "The Baéin'_'. This migration -
was probably accampanied by growth of the south end of Salisbury Beach in a '.
southeast dire&biono Following this southward migration, a sand spit or bar
'i‘ormed' and trailed northwestward from the northeast end of Flum Island,.
thereby enclosing the body of water now known as "The Basins% The spit or
bar had a length of 6ver 6000 feet and a width varying between 150 and 500
feet in 1851, The north end of the spit or bar occupied a position about
300 feet south of the present position of the centerline of the outer a:m
of the south je’oty. .With nortfﬁvard growth of the spit or bar, the south
end of Salisbury Beach retreated about 1700 feet northwest of its 1827
~ positione Two channels existed across the outer bar a;rt- the mouth of the-

river in 185k. One, with a low water depth of 5 feet, was located aboub



1700 feet south of the 1827 chammele The O'bher, w.it.h a low water depbh of

7 feet was located about 900 feet north of the 1827 dmanneio After 1851,

the river entrance continued to migrate northwards By 1878, sbout 600 to
1200 fest of accretion had occurred along the seaward shore of the spit or
bar ﬁhrOughout nost of its length, the greatest increase in width occurring
inmediately lnort.h of the present narrowest part of the spit or bars Erosion
of the east shore at the root of the spit or bar opposite the south end of
"The Basin" ogcurred during this period, This erosion resulted in a maximum
shoré retreat of about 300 feets Combined with the accretion fur'bher north,
the east shore of 'Plum Island took on- a northesouth alignment similar to
thai'; which it now possesses. Other shore line changes during this period
were loss of éboub 500 feet of the outer end of the spit or bar and a 300 to .51
600=foot northwestward retreat of the south end éf Salisbury Beache Two river
channels over the outer bar in 1878, with low water depﬁhs slightly exceeding
6 feeb, were located in positions 750 and 1500 feet north of the 1851 north
channele By 1880, the river chammel over the outer bar had migrated 400=500
feet north of the 1878 north channel, it flowed in a slightly more northerly
direction and had a low water depth of 7.5 feets The easterly 1000 feet of
the north shore of Plum Island grew an additional 300 to 500 feet nortiward
between 1878 and 1880, while varying amounts of shore fecession occurred
along the north shore of the island west of the accretion 'area. During this
samé period, the southeast shore of Salisﬁury- Beach retreated up to 200 feet
noﬁhwestward while the most southerly point of the beach prograded slightly
southwarde The east shoré of the north end of Plum Island experienced ire
regular changes between 1878 and 1880, consisting alternately of erosion and

accretion.

9+ Merrimack River Entrance During Construction of Jetties (1880~1915).
Descriptions of changes are gi'ven in tabular form ‘below. Changes are dé=-

scribed covering periods when progressive construction of each jetty was



carried ons The seaward shore of Salisbury Beach or Plum Island refers 4o
the shore extenting north of the north jebly or south of the south jettye
The river shore refers-to ’ohe shore extending westward inside the jetties.

Period = August 1880 to June 1883

Jetty. Progress. - North jetty started. Constructed to a total length of 2040

feet, of which outer 500 feet was advance core.

Shore Line Changes.

Seaward Shore of Salisbury Beach. =~ Accretion of 325 feet adjacent to the
;jetty. ,

Rlver Shore of Sal:l.sbu?r Beachs « NO change immediately adjacent to jetiye
““Récession up tO 300 feet along shore 50 to 2350 feet west of jetiy.

Seaward Shore of Plum Island. = With northward growth of the east end of
Plum lsiand, There was recession of 250 to 40O feet along the northerly
1900 feet of the 1880 east shore, 'accretion up to 200 feet along the next
goubherly 900 feet and recession up to 100 feet along the next southerly

00 fecte

River Shore of Plum Island. = Accretion and nortlward growth up to 550 feeb

tong the easterly feet of the north shore of the island, thence
altermately erosion and accrat.a.on along the remainder of the shore t0 the
westo

: O:Ei‘shore Deprt.h Changes. - A 100 to ISMoot northward movement of 6 and
lenfoot. foreshore contours bordering Plum Island inside the jetties was ace
companied by a similar northward movement of foreshore contours bordering
Salisbury Beach and northward movement of the river channel. The channel
across the outer bar putside the jetties was deﬂécted from a direction -
slightly noxrth of east to eastr. The width of the river chamnel across the

| outer -bar between the 6-foot depth contours decreased gonsidera;bly. The 12
and 18~foot depth curves defining the outer bar in the vicinity of the
charnel remained in the same position, moved seaward 200 to 300 feet further
north op_posite Saiisbury Beach and moved landward further. south opposi'ﬁe Plum
~ Island for varying a:nox;nts not exceeding 50 feete The controlling depth in
the continuous river .channel‘ across the outer bhar rmained approicimately the
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Period = June 3863 to June 1885

Jobty Progresse = South jetty starteds Constructed to a total length of

1300 feet, of which 223 feet was advance cores North jetty advanced by
‘construction of 600 feet of advance cores

Shoré Line Changese

Seaward Shore of Salisb Beache = Accrebion of 150 feet adjacent to jetty,
zmd 50 10 200 rﬁﬂ""‘m ong 2200 feet of shore to the north.

River Shore of Salisbury Beache = Accretion up to 40O fee‘b 1mmed1ately adw
jacent vo Jjetly, and recession of 50 to 1LO feet along the shore 50 to
2300 feet west of Jetiye

Seaward Shore of Plum Island. = Accretion up to 450 feet adjacert to jetty,
decreasing to a point of no change 2000 feet south of jebty, thence
smaller, irregular changes to the south with accretion of 50 to 100 feet
opposite the south end of "The Basin." ‘

River Shore of Plum Island. = Recession up 0 550 feet along 1000 feet of
ghore West 0f Jebly, changing to accretion up to 200 feet along the next
westberly 1000 feet of shore, and little change along the remainder of the
shore to the weste o

0ffshore Depth Changese « The river channel between t.hga' jetties increased in
depth and. followed its most northerly known course‘ across the outer bar in a
_dii'ection slightly'north of east. Changes :Ln shape and size of ‘ché outer

. bar were minor. The cohtrolliing depth in the continﬁous channsl aéross the
ouber bar increased from about 7.2 féet to 8.6 feet.

Period -~ June 1885 to June 189L

Jetty Progress. - North jetty extended to a total length of 2705 feete No
work on south jettye

Shore Line Changes.

Seaward Shore of Salisbury Beache = Accretion of 150 to 275 feet along
2000 feet of shore north of jetiye

‘River Shore of Sallsbury Beachs = fLccretion of 150 to 550 feet along 1600
feet of shore west of jettye. Recession of 400 feet at south end of beach
located 1600 to 2!400 feet west of jettye

Seaward Shore of Flum Island.- - Irregular changes, alternately erosion and
accretion, Minor erosion along 600 feet adjacent to jetty. Thentce gene
erally accretion along next southerly 3400 feet with maximun gain of 300.
feet and gain of 200 feet opposite the south end of "The Basin." ,
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River Shore of Plum Islands - Irregular accretion up to 350 feet along 2600
feet of shore west of Jetty, thence recession uwp to 300 feet along rest of
north shore of islands

Offshore Depth Changess -= Growth of submarine bar inside the jetties about

1000 feet northward fx'om north shore of Pluw Island and corresponding novement

- of river channel towards Salisbury Beach. Chahnel across ouber baf ﬁutside the
jetties chané,ed direction from slightly north of east to southeast, Position
of channel across outer bar at 18-foot depth moved about 3600 feet squthward.
Quter bar increaéed in width in vicinity of 1894 channel, moving 12 and 18fo0t
depth contours seéaward up to 500 and 800 feet, respectively. Outer bar de=- ‘
creased in width in vicinity of 1885 channel, moving 12 and 18foot depth
curves landward up to 700 and 600 feet, respectiveiy. South of 1894 channel
opposibe "The éasin,“.irregulaﬂties in the 6, 12 and 18~foot depth contours’
we_ré smoothed out and contours retreated landward wp to 356, 500 and 550 feet,

- respectivelys Depth of continuous channel acrosé the outer bar increased from
about 8e6 feeh to about 1249 feets |

 Period = June 189h to October 1906

Jetty Progress. = South jetty completed to present length of 2415 feét.._ No

work on north jebty.

Showe Line Changese

Seaward Shore of Salisbury Beach. - Recession of 50 to 150 feet alang 1600
""feect north of jebtye

River Shore of Salisbury Beach. = Minor recession adjacent to jettys Rew
cession TP To 200 feet along the shore 900 to 2900 feet west of Je’c.ty.

Seaward Shore of Plum Island. - Recession of 175 to 250 fee'b along 400 fee‘b
of shore adjacent to jetty, ‘thence recession of 50 to 150 feet along next
southerly 3000 feet of shore.

River Shore of Plum Island. - Recession of 50 to 75 feet along 700 feet of
shore adjacent to .}etty, accretion up to 50 feet along next westerly LS50
feety thence recession up to 300 feet along next westerly 1500 feet of
shore and accretion of 500 feet by wes’sward growth of a trailing bar from
northwest end of Plum Island, .

Offshore Depth Changese = Dxisting submarine bar inside the jetties grew' about

400 feet northeastward from north shore of Plum Island, resulting in a corres~
ponding movement of the river channel towards Salisbury Beach: Chammel across



outer bar ocubtside the jetties deflected from a southeast to an east direction -
by the south jettys. Position of channel across outer bar at 18=foot depth
moved about 1900 feet northwards Outer bar increased in width in the vicinity
of the 1906 chamnel, moving 12 and 18~foot depth contours up to 500 feet
seaward, the increase in width diminishing along approximately L4OOO feet
south and 2000 feet north of the channeles Maximun depth of channel ad;jace_n'b‘
10 the north 'jet'by inereased from aboutb 33 t0 50 feets The conti-olling depth
in the continuous channél across the.ourber bar decreased slightly while the
width between 12«foot shoals decreased from about 700 feet to about 100 feete

Period - October 1906 to October 1915

Jetty Progress. = North jetty oompleted to present length of 4118 feete. No
work on south jetty. | ‘ '

Shore Line Changes.

Seaward Shore of Salisbury Beach, = Minor recession adjacemt to Jetty. .

- River Shore of Salisbury Beach. « Practically no change adjacent to ;Je'bty.
“Targe recession, up to LOO feet, along shore 250 feet to 2630 feeb west
of jettye Minor accretion at southerly tip of beach west of erosion area.

Seaward Shore of Plum Islands = Avoretion up to 300 feet adjacent to jebiye.
Minor changes, principally accretion along shore 600 1o 2000 feet south
of jebiye

River Shore of Plum Island, = Large accretion, up to 600 feet along 2500
“feeb of shore west of jettys Recessicn up to 200 feet along 700 feet of
north shore of island west of accretion area.

Offshore Depth Changese = Existing submarine bar inside the jetties extending

from north end of Plum Island towards Salisbury Beach diminished in size,
resulting in a 700-foot southward movement of the 6 and 12~-foot depth cone
towrs, and a 300-400-foot southward movemert of the 18<foot depth contours
Channel across outer bar outside the jetties stiil followed an easterly
éourse slightly north of its 1906 positione The outer bar, as defined by
the 18-foot depth contour, retreated slightly landward both north and south
of the channelyand the 12«foot shoals which formerly bordered the north and

south sides of the channel diminished greatly in size. The controlling
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depth in the continuous channel across the outer bar increased from aboub
12,3 feet to 1648 feet, and thé channel width between l2-foot shoals increased
from 100 feet to 800 feet. The maximun depth in the chamnel ad,jacent to the
north jetty dm:mished frcm about, 50 to 38 feete

10 Merrimack River Entrance After Construction of Jetties (1915«1.938)
Avsilable surveys run during 1915, 1916, 1921, 193L and 1938 were limited to
the entrance of the Merrimack River an_d the offshore area extending_ 1600 to
2000 feet south of the outer arm of the sou'bh. Jebty. Shore line changes |

shoun by these surveys were as follows:

Seaward Shore of Salisbury Beach

1915«1916 = Small amount of aceretion adjacent to Jjetty.
1916=1921 = Accretion of about 100 feet adjacent 0 jebty.
1921-1931 - Recession of almost 200 feet adjacent to jetty.
1931-1938 - No change adjacent to jettye. Recession up to 100
. feet along shore 100 to 800 feet north of
oy Je'bt.yo

River Shore of Salisbury Beach

1915«1916 - Generally recession of less than 50 feet along
2200 feet of shore west of jettye

1916«192L - Practically no change adjacent to jettye Ace
cretion wp to 100 feet along shore LOO to
1100 feet west of jettye Recession up to
200 feet along next westerly 2000 feet of
ghoree

1921-1931 - Recession up to 125 feet along 1000 feet of shore
west of jetty. Accretion up w 250 feet along
next westerly 1000 feet of shore. Recession
up to 200 feet along next westerly 1200 feel
of shores

1931«1938 =« No change at jetty. Accretion varying uwp to 100
feet along 1200 feet of shore west of Jjettye.
Recession varying uwp to 75 feet along next
westerly 1900 feet of shore.

Seaward Shore of Pl Island

191541916 - Recession up to 100 feet adjacent to jebty.
1916«1921 « Recession up to 150 feet adjacent to jetty.
19211931 = Accretion up to 100 feet adjacent to jetty.
1931=1938 = Accretion up to 150 feet adjacent to jebtys



River Shore of Plum Island :
191521916 - Recession up to 100 feet along 1300 feet of shore
' - adjacent to jettys Accretion up to almost 200 -
feet along next westerly 900 feet of shore,
including the northerly tip of the islande
Smaller, irregular changes along remainder of
north shore of the island,.
1916-1921 - Recession up to LOO feet along 1300 feet of shore -
adjacent to the jetty. Minor changes along the
- next westerly 700 feet of shores. Accretion up
- 40 250 feet along next westerly 850 feet of
shores Recession of about 100 feet al the northe
west tip of the island.
19211931 ~ Accretion along all the north shore of the island
- except adjacent to the jetty where little change
occurred, the maximum accretion of about 250 feet
- ocecurred at the most northerly part of the island.
1931-1938 = Accretion along 2300 feet of shore adjacent to jebty
with accretion of 100 feet at jetty and up to 350
feet further weste Recession of up to 250 feet
at northerly tip of island.

1l. Offshorg depth changes inside the jetties between Plum Island and
Salisbury Beach were as follows; between 1915 and 1916, the 6 and 1l2-foot
depth contours, which defined the shoal exbendirig northward froan Plum _Island,
- moved about 200 feet souﬁhwgrd and a continuous channel having a least depth
of 18 feet formed in a position closer to Plum island; ‘between 1916 and 1921;, |
the 6, 12 and 18«foot depth contours defining the abtove shoal moved nortlward
600 feety LSO feet and 40O feet, res'pectively; and the continuous river chane
nel moved northward clbser to Salisbury Béa_.ch $ between 1921 and 1931 the 6
and 12«foot depth contours defining the above shoal moved southward 500 feet
and 150 feet, respec’oivelj, the 18~foot depth contour moved 150 feet northe
ward, t’he. widbth of the shoal increased to the northwest and northeast, and
t;he continuous river channel moved closer to Salisbury Beach and the shore
arm of the north jetty; between 1931 and 1938‘ 1;_he oubter end of the atove
~ shoal, as defined by the 6 and 12-foot depth contours, moved slightly weste
ward while still projecting ébout the same .dis*bénce into the river f£rom Flum
Islande Maximum depths in the river channel along the shore arm of the north
Jebty were as follows; 38 feet in 1915 and 1916, L0 feet in 1921, 52 feet in
1931 and L5 feet in 1938.



12. There was practically no change in the posiﬁion and direction of the
channel 5et1¢een the outer ams of the jetties between 1915 and 1938 The
course of the continuous channel across the outer bar fluctuated in direction
from east northeast in 1915, to easd in 1916, east southeast in 19.21, east in
1931 ard east southeast in 1938e Minimm depths in this channel were 16,8
fest in 1915, 13.4 Peet in 1916, 11ol feet in 1921, 13.2 feet in 193L and 16,6
feet in 1938, The depth of the channel across the outer bar during 1938 re=
flects the effects of maintenance of the channel by dredging wﬁich ﬁas
initiated during 1937, Depths prior to 1937 were attained by natural pro-
cessess

13, The width of the ouber bar in the vicinity of the channel as defined
by the 1l8«foot depth convour increased up to 20C feet between 1915 and 1916,
and up to KOO feet between 1916 and 192Ls Between 1921 and 1931 the bar
decreased about 300 feet, and between 193L and 1938 it increased in width
gbout 40O feets |



APPENDIX G

EXTSTING SHORE STRUCTURES _
le General. = The oﬁl’y eﬁsﬁng structures along the shore of the study
ares are two rubblest-qne jetties at the mouth of the Merrima.ck- River. A
tinber and stone dike formerly existed across the mouth of "The Basine! The |

above structurés are deseribed -beiow-

2+ Authorization. ~ Construction of the twe jetties was authorized by

Act of Congress on June U, 1880 fdr the purpose of glving the outer entrance -
éhaﬁnél a permanence 1n its location and a depth sufficient to meet the pres=-
ent and prospective commerce of Newburyport Harbor and at the same time to
make a safe refuge for vessels caught in easterly stomse. Changes were made
ih the projected location, length, and alignment of the jetties following
expexrience with their progressive construction and changes in shore line
positions. The existing project pmt}ides for two mbblestone ;jettiés, sach
15 feet wide on tdp at elevation 12 feet sbove mean low water, with slopeé

of 1L on 2 on the seaward sidé and 1 on 1 on the river Side; one projecting
from the north shore L,118 feet, the other from the south shore 2,4h5 féet,
converging wntil 1000 feet apart, and then extending seaward parallel to the
axis of the channel for a dista.ﬁce of 1000 feet.. The defined purpose of the
Jjettles is to create a psrmanent channel 1000 feeﬁ wide and at least 17 feet
deep ab mean low water, Construction of the dlke across the mouth of "The
Basin" appears to have been included‘in the authoriged projed'b in '1882 or
1883, upon recorrnnerxiat.ioﬁ of the engineer oficer in charge of constructiOn.
The purpose of the dike was to prevent the opening of a new channel at weak
and exposed p}.aces {presumably by breaching of Plum Island at its narrowest
point opposite thé somher;y end of "The Basin")e. The ‘dike consisted of a
timber tmlkhead of piles and sheeting covered by quarry chips having a total
length of 817 feets The central 394 feet had a height of 5.5 feet above mean

low water and sloped shofewérd up to dan elevé.tibn of 12 fect above mean low
waters The quarry chips had a top width of L feet and side slopes of 1 on 2.
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3¢ Construction of Jettiese = COnstructioﬁ of the north jetty was begun '
during July 1881 and completed to project dimensions during October 191L.
Construction of the south jetty was started during 1883 and compieted to |
project dimensions during October 1905, exéept for 30 feet of its outer end
 which has not been builte During construction, the core of the outer portions
of the jetties were constructed to less than project dimensions in advance of
the completed inshore porticns. Progress of the completed inshore section
. and the advantce core are shoxlm in tabular fomm belows Changes ;L'nllengths
are listed to represent progress during the fiscal year of the date in the

first columne

e
: LENGTH OF JEITY (FEET)
s it '
' NORTH JETTY Y SOUTH JETTY
s Full . ¢ Advence s 1t Full & Advance @

Date t Section 3 Core s Tobal 3: Section ¢+ Core :+ Total

: P 3 T 1 T t ?
sCongbrustion Stavbed July 1801 s: t :

t 2 $ 22 : :

- June 1882 ; s 1200 1 1200 &2 t :

w 1883 ¢ 1540 & - 500 : 2040 :: Construction Started 1883
Decs 1883 3 L] g M g u 83 1017 3 o= s 1077
June 18685 ¢ 1540 ¢ 1100 ¢ 2640 :: 1OT7T : 223 ¢ 1300
June 1886 ¢+ 1s8h0 : 1135 t 2675 3 "o L n
June 1868 ¢+ 1930 s+ TS5 s 2675 ¢ * “ s
June 1889 ¢ 2080 s 595 ¢ 2675 2 v 4 nog o
Jume 1890 ¢+ 2200 : 475 2+ 2675 2 0™ 2 LI "
Jue 189L ¢+ 2300 ¢ 375 t 2675 13 U : v i
June 1892 : 2485 190 s 2075 2 v : L "
June 1893 :+ 2510 165 ¢ 2675 = n 1 oo u
June 1894 ¢+ 2705 - t 2705 s: " $ "o "
June 1896 L ¢ - : " 2 1540 - 1540
Deco 1897 &+ : - s H st 1790 - 179
June 1900 3 # : - : " g2 2050 . % 2050
June 1905 ¢ 3 = : v g2 2247 ¢ 75 ¢ 2322
Octe 15053 w3 - s v s2 2415 ¢ -t 2415
Jue 1908 ¢+ 2868 - : 2868 2 L : - ¢ "
Juwe 1911 ¢ 2868 625 s 3493 s " 1 - 3 "
June 1912 ¢ 2868 : 1250 : 1218 s " : - 3 W
Ocbe 191 ¢  L[118 - s 118 s " : -2 "

H 3 H 13 : -2

Certain variations were introduced into the construction of the inshore erd
of the south Jetty. The inshore 500 feet of this jebtty, built during 1883,
- extending landward from about the high water line, was constructed by
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trenching down 1o a depth of 2 feet above mean high water and driving cne
row of 6einch timber sheet piling in the trench down to a depth of 2 feet
below mean low water with the top elevation of sheeting 1h.5 feet above mean
low waters The trench was filled with rubblestone so as to cover the sheet
piling up to an elevation of 19 feet above mean low waters This ribblestone
was sloped down to the jetty outside the high water shore line on a slope of
1 on 20, This construction is referred to as the shore extension of the
south jetty in the annual reporte of the Corps of Engineerse. The purpose of
the extension was 10 prevent flanking of the inshore end of the south jetty
by washing out of sand by action of the sea. Upon completion of construction
of the shore extension, it was noted that the action of wind removed sand and
lowered the beach landward of its shore énd. A structure described as a catch
sand was built during the fiscal year 188L, extending 486 feet shoreward of
the jebity extension. .. This structure consisted of two rows of pickéts driven
into the beach about one foot apart and 241/2 feet above beach level, The
area between the rows of pickets was filled with sea weed held in place y a
wire screens Short spurs having an aggregate length of 426 feet were cone
structed in a similar manner perpendicular to the sand catch. During the
fiscal year 1865, the main line of the sand -cateh was increased in length to
572 feet and the aggregate length of the spurs to 606 feete | During fiscal
years 1886 and 1887, .anoth.er sand catch 480 feet long was built shoreward from
the inshore end of the jetty extension on a lins slightly north of the one
previously builts At this time, extensive reoongtruction was made to the old
sand catche The new structure and the reconstruction consisted of two rows
of wood piles 5 feet high, 5 feet apart, securely united with the intervening
space filled with brush weighted with‘ stonese Spurs projected 10 i‘éet. at
10=foot intervals an opposite sides of the sand eatch.

ke Construction of Dikes = Construction of the dike across the m;'Juth of

“The Basin" was started on May 2, 1883« The details of this structurs were



as followsy a central core of cak guide piles peﬁe‘brating 8 feet below sand
level snd timber sheet piling 6 feet below sand level, extending across the
opening o:§' The Bas’iri“ bétﬁeen the high water shore lines with_the top of thé
sheeting in the middle 300 feet of the opening up to a top elevation s].‘i.ghtly"
above mean low waber, with horizonmtal planking sbove the éheeting in this low
300-~foot central opening up to L feet above mean low watef, the sheeting and
the piling then inclosed in a mound of small rubblestone 5.5 feet above mean
low water for about LOO feet in its .cemtral portion,- sloping up to sbout 12
feet above mean low ﬁa‘oer- at the shore ends oi‘ the dike. ‘COnS'bruction 151'0-
ceeded satisfactorily wntil the horizontal -planking was put ons The water
thén forced itself wnder the central 150 feet of the sheeting, necéssi’oatmg
the removal of the planking above it to comtrol the leaks About 75 feet of
the sheeting in the center of th.e dike was washed out during the Spf:fng of
188lie  The hole was filled with sand. The central 150 feet of the dike was
néver closed, leaving it as a welr with a depth about 2 ;‘eet above mean low
waters The structure was not maintained and by 1930 its condition was that
of ruin.

S Effects of the Jetties, = Prior to construction of the jetties, the
mouth of the Merrimack River was subject to large' changes in‘position. With
construotion of the jetties, the mouth of the river was fixed in position,
thereby redud.ng the large movements which had previously occurred. Changes
in the position and direction of the chemmel betweenthe jebties and across
the bar outside the jetties still continvedo  Positions of the chamnel bee
tween 1827 and 1938 are shown on Plabes 5e6e The earliest known position of
the channel .across the outer bar in 1827 was aboub 1600 feet south of the
present location of the south jettys After the above date, the channel ap=
parently moved further south so that in 1851 cne of two chamnels then existing
occupied the most southerly known position, about 3200 feet south of the
location of the south jetty. During 1857, 1878 and 1880; with northward



gri‘)wth of Flum Island, channel positions moved successively northward of
their 1851 positions. Construction of the north jebtly started in 188L: This
consté‘t{ntion apparently caused the charmel to move southward as evidenced by
its 1883 position. The inshore end of the south jetty was built during 1883
to 1885 and extension of the north jebty was also in progress during this
periods By 1885; the channel had moved to its most northerly known positions
This may have been the result of the soubth Jetty construction or it may have
been a continuation of the tendency of the river to migrate northward, a
process which was in progress prior to the jetty construction. Exbension of
the north jetty continued intemmittently from 1885 4o 189k, a period during
which no further work was doﬁe an the south jebtty, The north Jetty extbension
resvlted in a progressively greater deflection of the channel towards a southe
easterly direction up to 1895 when extension of the south jetty was started.
This extension was continued intermittently up to 1905 when the south jetty
-was completed to its present dimensions. The effect of the south jetty
extension was evident in 1897 when the channel had moved considerably northe
warde Up to 1905, the channel position then fluctuated south and north,
apparently with a tendency to foilow a southeastward course past the end of
the south jettye Work was resumed on the north jetty in 1908 and continued
until its completion in 191L. This last work does not appear to have had
any large effect on the channel position or direction. The channel during
1909 and 1911 had generally the same location as during 1905+ Between 1912
and 1938, the channel fluctuated, moving north, then south, and in 1938, the
last year for which a complete survey of the river embrance is available, it
flowed in an east southeast direction across the outer bar outside the jebtiess
A less complete survey of the river entrance during 1952 indicates that the
channel location dwring 1952 was similar to that of 1938. Concurrently with
changes in the course of the channel outside the jetties across the outer

bar, certain changes were occurring within the entrance, These consisted



of a northeastward deflection of the channel towalrds the Salisbury Beabh
" shore by northward growth of the north end of Plum Island, the channel then
being deflected in a southeasterly direction parallel and close to the shore
am of the north jetty and then diagonally across the river mouth from the
bend of the north jetty towards the outr.er tip of the séubh Jettys This
diagonal_ course of the channel is probably largely responsible for the terd=
ency of the channel across the outer bar to follow a. southeé.stward courses
The jJettles increased the depths across the outer bar bﬁt have not accompliched
their originsl purpose which was to create at the outer bar a permanent chane-
nel 1000 feet wide and ab least 17 feet deep ab mean low water. Maintenance
of the channel by dredging was found hecessary starting in 19375 Scéuring |
has greatly increaaéd the depth of the channel on the river side of .the shore
arm of the north jetty. Changes also occurred to the shore lines and offshore
-depths'adjacent to the jetties which are ‘described in the section of the re-
port dealing with shore line and offshore depth changes,

6s Effects of the Dike» = The dike resulted in exbensive shoaling in
"The Basing" z;eported as 160,000 cubic yards in 188h, 240,000 in two years
up to 1885, and 256,00’0 cublc yards since 1885 up to 1867, Quantities of
shoaling were not reported after this date. It was also repofted that the
beach at the head of "The Basgin® separating it from the ocean inc;'eased from
& width of 150 feet in 1885 to 550 feet in 1887, The dike reduced the danger
of a br.eakbhrough,‘ thereby accomplishing its fntended l'm_.r.pose'.'-

7o Effects of the Sand Catohéss = It was reported in 1885 that the sand
catch resulted in raising the beach level 2 feet; and after reconstruction in

1887 there was a S=foot increase in the beach heighte



APPENDIX H
FRIOR REPORTS

le Original Study of Hampton Beach, New Hampshire. ~ The original

study was initiated on a cooperative basis during March 1931 by application
of the State of New Hampshire. The report on the study was made by the Beach
Erosion Board on July 15, 1932, The report found that erosion at the south
end of Hampton Beach was serious and that there was urgent need for protecw
tion in this area. The erosion resulting from migration of the Hampton Harbo:t"
inleb was attributed to tidal currents associated with inlet rather than
longshore currents. The report recommended w

8o For the protection of the southemn end of Hampton Beach, and
incidemtally for reclaiming land, construction of a jetty at the north side
of the inlet and placement of samd fill behind the jgtty.

bs For the fixation and improvement of the inlet channel, in adw
dition to the north jJetty, construction of a jetty at the south side of the
inlete
During 19341935 the State of New Hampshire constructed a series of dikes
and jetties to confine the inlet and reclaimed approximately 50 acres of
beach north of the north Jetty by pumping hydraulic £i1l from Hampton
Harbore The work accomplished was a modification of ﬁhe work recommended
by the Beach Erosion Board.

2. Continuing Study of Hampton and Seabrook Beaches and Hampton River

Barbor, New Hampshive. - Upon application therefor by the State of New

Hampshire on August 31, 1938, the study of problems at Hampton and Seabrook
Beaches and Hampton River Harbor was continued by the District Engineere
The District Engineer!s report was made on April 15, 1942, It was reported
that the new jeﬁties and dikes and the sand fill at Hampton Inlet had
successfully stabilized the inlet and protected the southem end of Hampton



Beach, that erosion and storm damage was occurring at Hampton Beach in the
viecinity of the business center and immediately south thereof and that the
harbor had shoaled extensively since the dredging of 1935, The need for
protection of Hampton Beach was recognizede No need for protection of
Seabrook Beach was founds It was recommended that a seawall be constructed
along the business center of Hampton Beach with spur groins extending seaw
ward of the wall and that groins be constructed immediately south of the
business centezj. The State of New Hampshire constructed a new seawall
fronting the bﬁsiness center of Hampton Beach and placed revetment along a
portion of shore at the south end of the business center during 1946=1947.

3« Beach Erosion Study of Salisbury Beach, Massachusetts. = This study
was made wnder the direction of the Beach Erosion Board on a continuing
basis ‘in coope ration with the Commonwealth of Massachusetts, Hork was
initiated on July 17, 1931 through an application by the Commonwealth of
Magsachusettss The report of the Beach Erosion Board was made on August
26, 1941, Tt was reported that the predominant littoral drift is fram north
to south, that the supply oi‘ sand fommerly reaching the beach fram the north
has been eliminated by construction of shore protection works and jetties
and that sand is impounded by the north jetty at the mouth of the Merrimack
River. No new protective works wers _found to be necessarys. It was recoms
mended that the north jetty at the Merrimack River be raised and made sand
tight to decrease the wlwme of littoral drift now paseing through and over
the s%ructure,_ It was anticipated that erosion of the beaches south of
Hampton River would occur in the fuburs, beginning at the noxth end of
Seabrook Beach and progressing soubhward.

-hs BEfect of Federal Structures on Adjacent Shore Lines., - & report

deseribing construction and conditions before and after comstruction of the
Jetties at the Merrimack River entrance and a dike across the mouth of #The
Bagin® was prepared by the Distriet Engineer, Boston, Massachusetts, and
submitted to the Shore Protection Board on Jwme 7, 1938. Additional data



supplementing this report was submitted on January 6, 1939+ The report
contained informmation on shore line and offshore depth changes, beach and
bottom materials, slopes of beaches, winds, storms, littoral drift, tides,
currents and effects of the above factorse It also contained details of
construction methods, dimensions, layout, initial and maintenance costse

It also conta;ned information regarding permeability of structures to sand,
accretion or shoaling,l erosion or scouring and deterioration of the struce
turess It was concluded in regard to the jetties that, (1) they had not
achieved their original purpose which was "o create at the outer bar a
permanent channel 1000 fest wide and at least 17 feet deep at mean low water, !
(2) the bar continues to form across the entrance ‘outaide the jetties with
minimum depths of 6 to 1l.5 feet at mean low water, and (3) that no economic-
ally warranted modification of the jetties would accomplish their original
purposes It was concluded in regard to the dike aeross "The Basin® that it
had fulfilled its purpose by lessening the danger of the sea breaking through
and that the basin had silted to a considerable degree.



